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PREFACE. 



In preparing this work, three objects have been kept principally 
in view. The first was to prepare a Text Book for my Classes 
in Geology : the second, to bring together the materials for a 
Synopsis of Geology, to be appended to my Final Report on the 
Geology of Massachusetts, now in the press : And the third was, 
to present to the public a condensed view of the present state of 
geological facts, theories, and hypotheses; especially to those 
who have not the leisure to study very extended works on this 
subject. In its execution, tjhe work differs from any with which 
I am acc[uainted, in the following particulars. 1. It is arranged 
in the form of distinct Propositions or Principles, with De&u- 
tions and Proo& : and the Inferences follow those principles on 
which they are mainly dependent. This method was adopted, 
as it long has been in most other sciences, for the convenience of 
teaching : but it also enables one to condense the matter very 
much. 2* An attempt has been made to present the whole sub- 
ject in its proper proportions ; viz. its facts, theories, and hy- 
potheses, with their historical and religious relations, and a sketch 
of the geology of all the countries of the globe that have bees 
explored. All geological works with which I am acquainted, 
either omit some of these subjects, or dwell very disproportiou- 
ably upon some of them. 3. It is made more American than 
republications from European writers, by introducing a greater 
amount of our geology. 4. It contains copious references to 
writers, where the different points here brien^ disccusused, maybe 
fi>und amply treated. 5. It contains a PnJmmUological Chatty 
whose objeet is to bring under a glance of the eye, the le 
^ts respecting organio remains. Whether these peculf 
of the present work will be regarded by the public as 
ments, important enough to deserve their patronage, 
can show. 

Type of two sizes is employed iu this work, 
portant principles, facts, and proo&, are in large 
1* 
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VI PREFACE. 

special attention of the student or reader : while many of the 
details and remarks are in smaller type. The subject is subdi- 
vided into the following heads ; whose abbreviations will not 
need explanation : viz. Definition : Principle : Description : 
Inference: Remark: Proof: Detctik: Illustration. Where an 
inference depends upon several principles, I have added a synop- 
sis of all the proofs on which it rests. 

In European countries espeoialiy, and to a good degree in 
our own country, geology has become a popular and even fash- 
ionable study. In most of our higher Seminaries of learning, it 
is explained by at least a course of iectures. "But in Institutions 
of a lower grade, it receives far less attention than its merits de- 
serve. Why should not a science, whose facts possess a thrilling 
interest ; whose reasonings are admirably adapted for mental dis«- 
€ipline, and often, severely task the strongest powers ; and whose 
results are many of them as grand and ennobling as those of As- 
tronomy itself 'y (such Astronomers as Herschel and Whewell 
being judges,*) why should not such a science be thought as es- 
sential in education as the kindred branches of Chemistry and 
Astrcmomy ? That all the parts of this Science are not yet as 
well settled as those of Astronomy and Chemistry, is no objection 
to making it a branch of education, so long as every intelligent 
man must admit that Us fundamental facts and principles are 
well established. 

Amherst College^ 
4ng. 1, 1840, 



SECOND EDITION. 

The call Ibr a second edition of this work so early, has been 
unexpected. But I have exerted myself to adapt it to the ad- 
vancing state of the Science. The most important addition re- 
lates to the subject of Glaciers and Glacial Action, which is now 
exciting so great an interest in Europe. Through the kindness 
t>f Dr. J. Fjre Smith of l.ondan, and of Prof. Silliman of New 
Haven, I have been favoured with an early access to the recent 
work of Agassizy entitled Etudes sur ks GlacierSy and to some 
papers recently read before the X^ondon Geological Society by 
A^siz^ Bncldftod, and Lyell, o» the same subject. Some of 

* ^ G«oIo^, in the magnitade and sublimity of the objects of which it 
treats, undoubtedly ranks, in the scale of the sciences, next to astrono- 
my.'* — Sir John Herschel, 
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PREFACE. Vll 

the splendid plates in the former work, have heen reduced and 
given as wood cuts ; and I flatter myself that the history of Gla- 
ciers, and its application to what has been called Diluvial Action, 
given in Section VL, will be regarded as a new and important 
chapter in Geology : throwing much light upon some of the 
most difficult parts of the Science. These and some other ad- 
ditions have enlarged the present edition by about a dozen wood 
cuts, and seventeen pages. 

To enforce still more strondy the remarks of Dr. Smith, in 
the unsolicited Introductory Notice of this work which follows, 
respecting the importance of an acquaintance with Geology to 
the minister and the missionary, I will quote a few sentences 
from the letters of two esteemed missionary friends, now in ac- 
tive service in distant lands. Rev. Justin f erkins, American 
Missionary in Ooromiah in Persia, under date of Oct. 1, 1839, 
thus writes. 

" Did not my missionary work press upon me so constantly, 
and with such mountain weight, I should feel strongly tempted to 
study geology, (of which 1 know very little,) so wonderfully in- 
teresting, in a geological point of view, does the face of Persia^ 
appear to me. Indeed, I often feel that this interesting and im- 
portant science has peculiar claims on American Missionaries. 
Visiting, as they do, all portions of the world, they enjoy oppor- 
tunities of contributing to it, with almost no sacrifice of time or 
effort, which are possessed by no other class of American citizens. 
I know not that 1 can better atone for my own deficiency in this 
respect, than by requesting you, in my behalf, to urge upon the 
missionary students in College, the high importance of their ob- 
taining a good practical knowledge of geology and mineralogy, 
while attending your lectures, as they would enhance their useful- 
ness, in future life. It is the combined light of all truth, sci- 
entific^ as well as religiousy which is to render so perfect and 
glorious the splendor of millenial day !" 

To show that geology sometimes becomes to the missionary a 
matter of practical importance, I will quote a few sentences from 
another American Missionary, who has charge of a Seminary for 
youth at Beyrootin Syria. Kev. Story Hebard writes thus from 
the Island of Cyprus, on the 2dd of April, 1840, 

^^ Our Seminary at Beyroot, ia in a flouriibing condition. I 
wish very much to interest my pupils in the study of the Natural 
Sciences. They are well acquaiftted with our language, and are 
now sufficiently advanced to study some of these with advai^ 
tage. Next fall, or winter, I wish to give them a course of lec- 
tures on mineralogy and geology.'* 
Amhent College^ Mass. 
Aug. 1, 1841. 
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INTRODUCTORY NOTICE, 



BY DR. J. PYE SMITH, OF LONDON. 

In a manner unexpected and remarkable, the opportunity has 
been presented to me of bearing a public testimony to the value 
of Dr. Hitchcock's volume, Elementary Geology. This is 
gratifying, not only because I feel it an honor to myself, but 
much more as it excites the hope that, by this recommendation, 
theological students, many of my younger brethren in the evan- 
gelical ministry, and serious christians in general, who feel the 
duty of seeking the cultivation of their own minds, may be in- 
duced to study this book. For them it is peculiarly adapted, as 
it presents a comprehensive digest of geological facts and the 
theoretical truths deduced from them, disposed in a method 
admirably perspicuous, so that inquiring persons may, without 
any discouraging labor, and by employing the diligence which 
will bring its own re ward, ^ acquire such a knowledge of this 
science as cannot fail of being eminently beneficial. It is no 
exaggeration to affirm that Geology has close relations to every 
branch of Natural History and to all the physical sciences, so 
that no district of that vast domain can be cultivated without 
awakening trains of thought leading to geological questions; 
and, conversely, the prosecution of knowledge in this depart- 
ment, cannot fail to excite the desire and to disclose the methods 
of making valuable acquisitions to the benefit of human life. In 
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X INTRODUCTORY NOTICE. 

our day, through every degree of extensiveness, from the per- 
ambulation of a parish to the exploring of an empire, travelling 
has become a <^ universal passion," and action too. Within a 
very few years, the interior of every continent of the earth has 
been surveyed with an intelligence and accuracy beyond all ex 
ample. Who can reflect, for instance, upon the activity now so 
vigorously put forth, for introducing European civilization, the 
arts of peace, the enjoyment of security, and the influence of the 
most benign religion, into the long sealed territories of Central 
Asia, and not be filled with astonishment and delightful anticipa- 
tion ? Similar labours are in progress upon points and in direc- 
tions innumerable, reaching to the heart of all the other vast 
regions of the globe : and the men to whom we owe so much 
and from whom so much more is justly expected, are geologists, 
as well as transcendent naturalists in the other departments. 
Whoever would run the same career must possess the same quali- 
fications. Even upon the smallest scale of provincial travelling 
for health, business, or beneficence, acquaintance with natural 
objects opens a thousand means of enjoyment and usefulness. 

The spirit of these reflections bears a peculiar application to 
the ministers of the gospel. To the pastors of rural congrega- 
tions, no means of recreating and preserving health are compara- 
ble to these and their allied pursuits ; and thus, also, in many 
temporal respects, they may become benefectots to their neigh- 
bours. In large towns the establishment of libraries, lyceums, 
botanic gardens, and scientific associations, is rapidly difiusing a 
taste for these kinds of knowledge. It would be a perilous state 
for the interests of religion, that " precious jewel" whose es- 
sential characters are " wisdom, knowledge and joy," if its pro- 
fessional teachers should be, in this respect, inferior to the young 
and inquiring members of their congregations. For those excel- 
lent men who give their lives to the noblest of labours, a work 
which would honour angels, " preaching among the heathen the 
unsearchable riches of Christ ;" a competent acquaintance with 
natural objects, is of signal importance, for both safety and use- 
fulness. They should be able to distinguish mineral and vege- 
table products, so as to guard against the pernicious and deter- 
mine the salubrious ; and very often geological knowledge will 
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INTRODUCTOKY NOTICE. xi 

be found of the first utility in fixing upon the best localities for 
missionary stations ; nor can they be insensible to the benefits 
of which they may be the agents, by communicating discoveries 
to Europe or the United States^of America. 

To answer these purposes, and especially in the hands of the 
intelligent and studious ministers of Christ, this work of Pro- 
fessor Hitchcock appears to me especially suited. Though I flat- 
ter myself that I have studied with advantage the best English 
treatises on Geology, and find ever new improvement and plea- 
sure from them ; and have also paid some attention to French and 
German books of this class ; I think it no disparagement to 
them to profess my conviction that, with the views just men- 
tioned, this is the book which I long to see brought into exten- 
sive use. The plan on which it is composed, is different from 
that of any other, so far as I know, in such a manner and to such 
a degree, that it is not an opponent or rival to any of them. 
Yet, in this arrangement of the matter, there is no affectation : 
all is plain, consecutive and luminous. It is more comprehen- 
sive with regard to the various relations and aspects of the sci- 
ence, than any one book with which I am acquainted ; and yet, 
though within so moderate limits, it does not disappoint by un- 
satisfactory brevity or evasive generalities. Such is the impres- 
sion made upon me by the first edition of the ." Elementary Ge- 
ology," and I cannot entertain a doubt but that the ample knowl- 
edge and untiring industry of the author will confer every prac- 
ticable improvement upon his proposed new edition. 

I received a deep conviction of the Professor's extraordinary 
merits, from his " Report" upon the Geology, Botany and Na- 
tural History generally of the Province of Massachusetts, made by 
the command of the state government ; a large volume, published 
in 1833, and the second edition in 1835 : and firom his papers in 
the " American Biblical Repository," which were of great ser- 
vice to me in composing a book on " The Relation between the 
Holy Scriptures and some parts of Geological Science." But I 
did not till recently know that he was a " faithful brother and 
fellow-labourer in the gospel of Christ." An edifying manifes- 
tation of this, it has been my privilege to receive, in Dr. Hitch- 
cock's " Essay and Sermon on the lessons taught by sickness," 
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Xii INTBODOCTORY NO i iv*. 

prefixed to <' A Wreath for the Tomb, or Extracts from Emi* 
nent Writers on Death and Eternity." It is my earnest prayer 
that great blessings from the God of all grace may attend the 
labours of my honoured friend. 

J. PYE SMITH. 
Hamerton College^ near London^ 
March 16, 1841. 
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ELEMENTARY GEOLOGY. 



Section I. 

A GENERAL ACCOUNT OF THE CONSTITUTION AND STRUCTUEB 

OF THE EARTH, AND OF THE PRINCIPLES ON WHICH ROCKS 

ARE CLASSIFIED. 

Definition. Geology is the History, of the mineral masses 
that compose the earth, and of the organic remains which 
Ihey contain. 

Remark 1. Some Writers divide Geology, into two brahches J 
1. Geognosy, or Positive Geology, which embraces only the known 
facts of the science. 2. Geogony, or Speculative Geology, which 
attempts to point out the causes of those facts, and the inferences 
that result from them. See Traiti Eltmentaire de Geologie par M» 
Rozet : Discours Prtliminaire, p. V. Also, Diet. Classique d' Hist. 
Jfaturelle : Art. Geologie. Others make three divisions. 1. Physical 
Geography. 3. Geognosy. 3. G^ogony. See Elements de^Geolvgie^ 
par J, G. Omalius d' HaHoy,p. 1. Others embrace all Tegitimato 
theory under Geogony, and confine the hypothetical part of the subject 
to Geology. See Tableau des Terrains, par Alexandre Brongniart, p. 
8. But these distinctions are of little importance, and not much used 
liy English and American writers. 

Remark 2. A division of Geology of more praotieal value ia the 
following. 

1. Economical Geology^ or an account of rocks with reference to their 
pecuniary vsdue, or immediate application to the wants of society. 

2. Sceno graphical Geology, or an account of rocks as they exhibit 
themselves to the eye in their general outlines : in other words, an ac- 
tount of natural scenery. 

Observation. With the exception of vegetation, natural scenery is all 
produced by the rocks that constitute the surface : and the geologist 
can oflen determine the nature of rocks by the peculiarities of their 
ipreat outlines. 

3. Scientific Geology, or the history of rocks in their relation to 
science, or philosophy. 

Def. Every part of the globe, which is not animal or vegeta- 
ble, including water and air, id regarded as Mineral. 

Def. The teria Rock, in its popialar acceptation, emhracea 
only the solid parts of the globe : but in geological language, 
2 
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14 STRUCTURE OF THE EARTH. 

it includes also the loose materials, the soils, clays, and gravels, 
— that cover the solid parts. 

Principle, The form of the earth is that of a sphere, flattened 
at the poles : technically, an oblate spheroid. The polar dia- 
meter is about 26 miles shorter than the equatorial. 

Procf. 1. Measurement of a degree of the meridian in different lati« 
tades. 2. Astronomical phenomena; particularly the precession of the 
equinoxes. 

Inference. Hence it is inferred that the earth must hare been 
once in a fluid state ; since it has precisely the form which a 
fluid globe, revolving on its axis with the same velocity as the 
earth, would assume. 

Prin, Taken as a whole, the earth is about five times heavier 
than water ; or 2.5 times heavier than common rocks. 

Proof. 1. Careful observations upon the relative attracting power of 
particular /mountains and the whole globe, with a zenith sector. 2. The 
disturbing effect of the earth upon the heavenly bodies. 

Inf. We hence learn that the density of the earth in- 
creases from the surface to the centre : but it does not follow 
that the nature of the internal parts is diflerent from its crust. 
For in consequence of condensation by pressure, water at the 
depth of 362 miles, would be as heavy as quicksilver ; and ai» 
as heavy a^ prater at 34 miles in depth : while at the centre, 
steel would be compressed into one fourth, and stone into one 
eighth of its bulk at the surface Mrs* Somerville^s Connexion of 
the Physical Sciences- 

Deacr^iion. The surface of the earth, as well beneath the 
ocean as on the dry land, is elevated into ridges and insulated 
peaks, with intervening vallies and plains. Rozetyp. 86. 

Descr. The highest mountains are about 29000 feet above 
the ocean level, and the mean height of the dry land does not 
exceed two miles. De la Beche^8 Manual of Geology^ p. 2. 
Third Edition. 

Details. The height of a few of the most elevated mountains on the 
globe is as follows : See Encyclopedia of Geography^ Vol. 3. p. 605. 
Himmalayah Mountains, E. Indies, 29.000 feet. 

Sorate in Upper Peru, 25.400 " 

Illimani in Upper Peru, 24.200 " 

Chimborazo, Andes, 21.000 " 

Ararat, 17.700 " 

Mount Blanc, Europe, 15.668 " 

Descr The mean depth of the ocean is probably between 
two and three miles. De la Becheh Manual of Geology., p. 2, 
It has been calculated from the phenomena of tides that the 
Atlantic in its middle part is above nine miles deep. Phillips^a 
Geology, p 23. Edinburgh, 1838. 

Inf. Hence it appears that the present dry land might be 
spread over the bottom of the ocean, so that the globe should 
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STRATIFICATION. 16 

be entirely covered with water. For nearly three fourths of the 
surface is at present suh merged. 

Obs. It is stated in some geological works, that an extensive country 
around the Caspian Sea, is sunk from 200 to 300 feet below the general 
level of the ocean. But recent and more accurate examinations have 
shown this statement to be incorrect. LyelVs Principles of Geology j 
Vol. 3. p. 270, first English edition ; also same work^ Vol. 2. p» 39§| 
first American^ from 5th London Edition. 



Stratification. 

Def* The rocks which compose the globe are divided into 
two great classes, the Stratified and Unstratified. 

Def. Stratification consists of the division of a rock into reg- 
ular masses, by nearly parallel planes, occasioned by a peculiar 
mode of deposition. Strata vary in thickness from that of pa- 
per to many yards. 

Obs. Strata are often very tortuous and sometimes quite wedge sha- 
ped. Nevertheless the fundamental idea of stratification is that of pa- 
rallelism in the layers. Macculloch*s Classification of Rocks ^ p. 100 ; also 
his System of Geology, Vol. 1. p.67 : also Greenough's Geology, chap. 1. 

Def, The term Stratum is sometimes employed to designate 
the whole mass of a rock, while its parallel subdivisions are 
called beds or layers. The term bed is also employed to desig- 
nate a layer, whose shape may be more or less lenticular, or 
wedge shaped, included oetw een the layers of a more extended 
rock ; as a bed of gypsum, a bed of coal, a bed of iron, Sec. 
In this case the bed is sometimes said to be subordinate. 

Def. When beds of different rocks alternate, they are said to 
be interstratified. 

Def. A seam is a thin layer of rock that separates the beds 
or strata of another rock : ex. gr. a seam of coal, of limestone, 
&c. 

Descr. A bed or stratum is often divirled into thin laminae, 
which bear the same relation to a single bed, as that does to 
the whole series of beds. This division is called the lamina- 
tion of the bed ; and always results from a mechanical mode of 
deposition. The appearance of fissility which it gives to a 
rock, is often deceptive ; since the layers separate with great 
difficulty. This is especially true in gneiss. 

Descr, The lamination is sometimes parallel to the planes of 
stratification ; sometimes they are much inclined to each other ; 
%iid oftei^ it 13 undulating and tortuous. 
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LAMINATION. 



Tig. 1, shows the different kinds of lamination. 

Fig. 1. 



Without Laminae. 



g^g^^^l^ With waved Laminro. 
Llz^"/ 1 "^ Finely Laminated. 

__^ Coarsely Laminated. 

W///////// ^//// Obliquely Laminated. 
Parallel Lamins, 



Fig. 2, is a case of very contorted lamination, in a stratum of gneiss 
two or three feet thick, copied from a loose block in Colebrook, in 
Connecticut. 



Fig. 2 




Contorted LamintB of Gneiss : Colebrsoky Ct, 



Fig. 3, exhibits a section in a bed of diluvial clay, in Deerfield, in 
Massachusetts. Tt will be seen that the layers of clay above and be- 
low those disturbed, (which are only three feet thick,) are horizontal and 
undisturbed. 
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CantortU LammtB of CUof t Deerfield, Mast, 



Inf. The laminae of beds could not have been deposited ori- 
ginally in the curved position shown in the preceding figures : 
hence the flexure must have been the result of some subsequent 
operation. 

fnf. Hence the layers at some period after their deposition, 
must have been in a state so plastic that they could be beni 
without breaking. 

Origin ^of the varieties of Lamination. 

Causes. All the lamination of stratified rocks was undoubt- 
edly produced originally by deposition in water, and the varie- 
ties have resulted from modifying circu.-nstances. 1. The pa- 
rallel laminaB are the result of quiet deposition upon a level sup* 
face. 2. The waved lamination, in many instances, is nothing 
but ripple marks ; such as are seen constantly upon the sand ani 
mud at the bottom of rivers, lakes, and the ocean. In the sec- 
ondary rocks this is too manifest to be mistaken. 3. The ob- 
lique lamination has generally been the result of deposition upon 
a steep shore, where the materials are driven over the edge of 
an inclined plane. 4. Highly contorted lamination has often re- 
sulted from lateral and vertical pressure, as illustrated by 
Pig. 4. ^ 

2* 
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O&IGIN OF CONTOETED LAMINATION. 




lUus. If pieces of cloth of dif- 
ferent colors be placed upon a 
table c, and covered by a weighty 
a, and then lateral forces b, b, be 
applied ; while the weight will 
be somewhat raised, the cloth will 
» be folded and contorted precisely 
like the laminsB of many rocks ; 
as is shown in the figure. 
Prin. The agency of water 
^ and heat is sufficient to bring 

rocks, in nearly every known case, into that plastic state which 
is necessary to make them bend without breaking. 

Proof. 1. Water alone renders clay eminently plastic ; and it imparts 
a degree of plasticity to nearly every variety of unconsolidated strata ; 
80 that this, without heat, may have prepared all such strata for the flex- 
ures which they exhibit. Water also renders some Solid rocks quite 
flexible ; as limestones and sandstones ; and it penetrates very deep into 
the solid crust of the globe ; so that some of the flexures, even in the 
solid rocks, may have been produced by forces acting up& them when 
saturated with water. 

2. Flexures are the most abundant and extensive in the vicinity of 
rocks that have been melted. And it is admitted that all the older 
stratified rocks have been exposed more or less to the influence of heat 
from the unstratified ; and it is also true, that rocks may be heated al- 
most to the melting point without destroying their stratified and lami- 
nated structure. So that in heat, we have a cause suj£cient to prepare 
rocks for any possible degree of contortion. 

Prin, Volcanic forces have operated from beneath upon most 
of the older rocks, whereby they have been bent upward. The 
weight of the ocean, of diluvium, &c., has bent them down- 
ward ; gravity and other agencies more local, have produced a 
lateral pressure ; especially when the strata were highly in- 
clined : and these various agencies will account for nearly every 
case of flexure, not only of the laminse, but of the becb also. 
But more on this point further on. . 

De$cr. In clay beds containing disseminated carbonate of 
lime, we frequently find nodules of argillo-calcareous matter, 
sometimes spherical, but more usually flattened. These are 
generally called Claystones, and the common impression is, that 
they were rounded by water. But they are unquestionably the 
result of molecular attraction. The slaty divisions of the clay 
extend through the concretions : and on splitting them open, a 
leaf, or a fish, or some other organic relic, is frequently found. 
In New England, however, both the slaty cleavage and the or- 
ganic nucleus are usually wanting. 
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Rem, In England these clavstones are sometimes supposed to have 
been turned in a lathe, and to have been used for money. In this coun- 
try they are usually thought to be the work of water, or of the abori- 
gines. I find that those of New England have at least six predomi- 
nant forms.FijuU Report on the Geology of Massachusetts, Vol. 2. p. 410. 

Fig. 5. 

Fig. 5, will convey an idea of the man- 
1 ner in which these concretions are situa- 
\ ted in the clay. 

Descr. Similar concretions abound in argillaceous iron ore, 
which is often disseminated in clay beds or shale. These no- 
dules are usually made up of concentric coats of the ore : but 
sometimes the slaty structure of the rock containing them, ex- 
tends through them, and organic relics are found to form their 
nucleus. 

Fig. 6, represents a concretion of hydrate of iron from the clay 
cliffs of Gay Head in Massachusetts. The axis consists of a piece of 
lignite, and its resemblance to a pear is very striking : or rather to a 
large garden squash : for its diameter is more than seven inches. 

Fig. 6. 




Concretion qf Iron Ore i Oeeff Head* 

Descr, The internal parts of these concretions of limestone 
and hydrate of iron, often exhibit numerous cracks, which some- 
times divide the matter into columnar masses, but more fre- 
quently into irregular shapes. When these cracks are filled 
with calcareous spar, as is often the case in calcareous coDcre« 
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*»' ' tions, they take the name of Ludus HeU 
montiiy Turtle Stones, or more frequent- 
ly of Septaria, From these is prepared 
in England the famous Roman Cement. 
Fig. 7, is a section of one of these. 
JJescr. Certain limestones called Oolites, 
are often almost entirely composed of con- 
cretions made up of concentric layers: hut the spheres are rare- 
ly 80 large as a pea. 

Descr, The concretionary structure, however, often exists in 
limestone on a very large scale, forming spheroidal masses not 
only many feet, but many yards in diameter. 

Dwisional Structures, 




Def Both the stratified and unstratlfied rocks are traversed 
by divisional planes, csMed joints ; which divide the masses into 
determinate shapes, which are different from beds and their 
laminse. Those only which occur in the stratified rocks will h% 
here noticed. 

Descr. The most important of these joints, called master'- 
joints^ are more or less parallel, and so extended as to imply 
some general cause of production. 

Descr. When these joints cross the beds obliquely, as they 
usually do, and there are two sets of them, they divide the rock 
into rhomhoidal masses of considerable regularity ; though 
wanting in that perfect equality in the corresponding angles of 
the prisms which is found in crystals of a simple mineral. 

Figs. 8 and 9, are examples : the first from the unconsolidated dilu- 
vial clay beds of West Springfield in Massachusetts, and the latter from 
the gneiss of Monson in the same State. 



Fig. 8. 



Fig. 9. 
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Fior. 10. 



Descr. Other divisional planes separate the rock into Irregular 
fragments ; and sometimes the fissures are filled with calcare- 
ous spar, or other mineral substance. 

Cleavage, 

Descr, Some rocks are divided by a set 

of parallel planes, coincident neither with the 
stratification, the lamination, nor the joints, 
1 hese are called ckavac-e planes ^because they 
are supposed always to result from a crystalline 
arrangement of the particles of the rock, super- 
/inJuced ai'ler its original deposition. 

Descr This cleavage is most common in 
argillaceous slate, and in many cases consti- 
tutes its slaty structure. But in irnmy itistan- 
ces this structure is the result of original de- 
position, and corresponds to, or rather con- 
stitutes, the lamination. This is particularly 
true of the finer slates, both argillaceous, mi- 
caceous, talcose and chloritic, in this country. 
LyeW^s Elnrents of Geology, p,2BS. 

Descr. The cleavage planes are often incli- 
ned to the planes of stratification and lamina- 
tion at an angle of 30° or 40°, and sometimes 
the tA^o planes dip in opposite directions. 
'I'he cleavage plones are remarkable for their 
almost perfect parallelism, while the strata and 
their laminjE are usually contorted. 

Fig. 10, exhibits a set of cleavage planes crossing 
the curved strata in the slate rocks of Wales. 

In FifT. Jl, are exhibited the planes of stratifi- 
cation, BB, B B ; the joints, A A, A A j and thq 
slaty cleavage, d, d. 

Fig. 11. 



A 
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Descr, Strata and laminae may be distinguished from joints 
and cleavage, 1. By the alternation of different materials in the 
former : 2. By a difference of organic remains in the succes- 
sive layers : 3. By ripple marks and tortuosities : 4. By a dif- 
ference in color of successive portions of the rock. 

Descr. Joints may be distinguished from cleavage planes 
chiefly by two marks. 1. A jointed structure rarely extends 
through large masses of rocks ; at least not without more inter- 
ruption than is found in cleavage. 2. The portion of rock 
included between two joints is not capable of a Subdivision by 
parallel planes ; but in cleavage the subdivision may be carried 
on to an extreme degree of fineness. 

Origin of the different Structures in the Stratified Rocks. 

First Cause, Original deposition from water. This will ex* 
plain all the phenomena of stratification and lamination. 

Second Cause, Desiccation. By contracting the mass of the 
rock, it is compelled to separate into fragments : but this can 
explain only some of the more irregular divisional structures, 
«uch as those of septaria and iron stone. 

Third Cause. A mechanical force acting beneath, by which 
fissures are produced, either parallel or radiating from a centre, 
or without symmetry in their direction. This may explain some 
varieties of joints. 

Fourth Cause. Heat. This must be supposed intense enough 
to give so much of mobility to the particles that they can obey 
molecular attraction, and assume a partially crystalline form. In 
this way, probably nearly every case of cleavage was produced, 
and many cases of a jointed structure. 

Fifth Cause, Water. If by this agent the particles can be 
made to move among one another, — (as they will do even by 
partial diffusion,) — they can then assume a crystalline arrange- 
ment, as in the case of heat. And the example of distinct joints, 
which 1 have given in Fig S, occurring in unconsolidated ho- 
rizontal clay beds, seems to require such a cause as this for its 
explanation ; although I have seen no similar case described by 
writers on geology. But in West Springfield and Deerfield in 
Massachusetts, these joints are very numerous and distinct ; oc- 
curring, however, in only a few of the layers of clay, while those 
above and below are unaffected. This clay has certainly never 
be^n subjected to any great degree of heat, being of diluvial, or 
perhaps even of alluvial origin. 

Sixth Cause. Galvanic Electricity The recent experiments 
of Mr. Robert Weare Fox of Qreat Bntain,show that clajr, sub- 
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jected to a long continued voltaic action, becomes laminated, SO 
as to resemble clay slate in its structure. Very probably an 
electric agency is essential iu those cases where heat and water 
Beem to produce the effect ; and that these latter causes operate 
chiefly by exalting the electricities and giving mobility to the 
particles. 

Rermrk. In the difficult subject of the structure of rocks, I havo 
followed chiefly the original views of Professor Sedgwick, in his paper 
on the Slates of Cumberland and Wales, in the Geological Transactions^ 
Vol. 3. p. 461, Second Series. Also Prof. John Phillips in his Treatise on 
Geology J 2 Fols. London^ 1837 and 1839; also Mr. Lyell in his Elements 
of Geologfjy Londauy 1838. The subject will probably need still further 
attention before it is perfected. Yet much has been done. 

Descr. The unsiratitied rocks occur in four modes. I. As 
irregular masses beneath ihe stratified rocks. 2. A? veins cros- 
sing both the stratified and unstratified rocks. 3. As beds or 
irregular m.isses thrust in between the strata. 4. As Overlying 
masses. All these modes are shown in Fig. 12. 

Rem. The phenomena of veins, being very important, require a more 
detailed explanation. 

Def, Veins are of two kinds. 1. Those of segregation. 2. 
Those of injection. The former appear to have been separated 
from the general mass of the rock by elective affinity, when it 
was in a fluid state ; and consequently they are of the same age 
as the rock. Hence they are often called contemporaneous veins. 

nius. Fig. 13, represents a bowlder of granitic gneiss in Lowell, 
about five teet long, traversed by several veins of segregation, whose 
composition differs not greatly from that of the rock, except in being 
harder and more distinctly granitic. Where veins of this description 
cross one another, they coalesce so that one does not cut off the other. 
The surface of the gneiss near Merrimack river in Middlesex County i5 
often covered with reticulations produced by veins of this description. 

Fig. 13. 




yeint qf SegfijfiiioH iM CneiiB : Lo^etL 



Digitized by 



Google 



VEINS AND DYKES. 



25 



Obs. Quartz veins are usually veins of segregation. But I have seen 
some of this description in Massachusetts a foot or more in width, per- 
fectiy straight and continuous, for a great distance through talcose slate, 
that are with difficulty referable to such an origin. 

Def. The second class were once open fissures, which at a 
subsequent period, were filled by injected matter. 

Descr, Veins of segregation are frequently insulated in the 
containing rock ; they pass at their edges by insensible gradations 
into that rock; and are sometimes tubercular or even nodular. 

Descr. Injected veins can often be traced to a large mass of 
similar rock, from which, as they proceed, they often ramify and 
become exceedingly fine, until they are lost. Usually, especial- 
ly in the oldest rocks, they are chemically united to the walls of 
the containing rock ; but large trap veins have often very little 
adhesion to the sides. 



into 



Fiff. 14, exhibits granite veins protruding from a large mass of granite 
to hornblende slate in Cornwall. 



Fig. 14 




ChrtadU Veins in Hornblende slate .• ComtoaU, Eng, 



Def, The large veins that are filled with trap rock or recent 
lava, are usually called dykes. These differ from true veins, 
also, in rarely sending off branches. 

Inf. It is hence inferred, either that the matter of dykes was 
less fluid, because less hot, than granite, or that the rocks througk 
which veins pass, had a higher temperature than those into 
which dykes were injected : so that the latter sooner cooledithe 
fluid matter than the former. Hence, when the small lateral 
fissures were produced, as they probably usually were by the 
heat of the injected matter, the granite flowed into them, ^hile 
the trap had become too hard. 
3 
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Descr. Trap dykes are sometimes several yards wide, and 
extend 60 or 70 miles ; as in England and Ireland, and in Mas- 
sachusetts and Connecticut. 

Deacr. Dykes and veins frequently cross one another ; 
and in such a case, the one that is cut off, is regarded as the 
oldest. 

Rem. Undoubtedly this rule, in general, can be depended on for de- 
termining the relative age of injected veins. Yet it is easy to conceive 
how a vein of considerable size might be filled with matter not very 
fluid, without filling all the lateral fissures ; and should these be subse- 
<|iiently filled with more perfectly fluid matter, they would appear to be 
cut off*^ by the larger vein ; and hence, by the rule, be regarded as the 
oldest, although in fact more recent. 

Prin, By this rule it may be shown that granite has been 
erupted at no less than four different epochs. 

Rem. I do not find any European writer describing more than three 
epochs of the eruption of granite. MaccuUoch's System of Geology y 
Vol. 1. p. 137. 

lUtis. Fig. 15, represents a bowlder of granite in Westhampton, Mass., 
whose base waa the product of the earliest epoch of eruption. This is 
traversed by the granite vein, a, a, a, which was injected at a second 
epoch ; 6, is a granite vein cutting a, and therefore produced at a third 
epoch ; while 6, as well as a, are cut off* by the granite veins <r, and </, 
of a fourth epoch. 

Fig. 15. 




Cfrmute Vmu m QmiU t Westiuamfion. 



Prin, By the same rule can be proved successive eruptions 
of the trap rocks. 

nius. Fig. 16, shows several interesting veins in syenite in the 
north part of Cohasset, Mass. No. 1, is the basis of syenite. No. 2, a 
dyke of porphyry, 10 feet wide. No. 3, dykes of common green- 
stone, the largest 20 feet wide. No. 4, dvkes of common greenstone, 5, 
6 and 8 feet wide. Here then we have four successive epochs <i€ erup- 
tion. 
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Dykes in Syenite t Cohassetf Mass, 

Fig. 17, exhibits veins in metamorphic gneiss on the sea shore in Bev- 
erly, Mass. The gneiss is almost converted into syenite. No. 1, is a vein 
of granite. No. 2, dykes of common greenstone. No. 3, dykes of por- 
phyritic greenstone. These last are obviously the oldest ; and one of 
them is very much displaced. 

Fig. 17. 




Dykes in Metamorphie Gneiss t Beverly, Mass, 

Descr. In one remarkable example of veins of different 
kinds, I have been able to trace eleven epochs of the eruption of 
tinstratified rocks. {See Plate 2.) 
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nius. This case is in the city of Salem, Mass., near the entrance of 
the bridge leading to Beverly on the west side. The basis rock. No. 

I, is syenitic greenstone. The oldest vein, or dyke, (2) is greenstone, a 
few inches wide.- Nos. 3 and 4, are veins of reddish granite, — nearly 
all feldspar, which cut across the greenstone dyke. No. 2. These are 
very numerous ; much more so than is shown upon the drawing ; and 
of very irregular width, — often branching out into strings a mere line in 
breadth. They belong to at least two epochs of eruption : for some of 
them are cut off by the others, and probably still more eruptive epochs 
might be traced among them : but they are so complicated that I 
have not been able to do it. No. 5, is a dyke of greenstone, which cuts 
off 3 and 4. No. 6, which is 40 inches wide, is porphyritic greenstone, 
and cuts off No. 5. A small dyke and nearly parallel, a little to the left, 
appears to be of the same age No. 7, is porphyritic greenstone cutting 
off No. 6. No. 8, (of which there are two running nearly parallel,) inter- 
sects Nos. 5 and 7, and is granite or feldspar. No. 9, consists of two 
large dykes of greenstone, which cut off all the others that have been 
described, except No. 8 ; and perhaps this also : but the intersection is- 
covered by soil. No. 10, of which there are small veins near the bottom 
of the sketch, and near the top, and is of the same kind of granite as 
Nos. 3 and 4, intersects nearly all the preceding veins. Finally, No. 

II, consists of the same kind of granite veins, a mere line in width, 
running diagonally across the sketch. The whole space represented, is 
36 by 27 feet, and the lower part of it is covered by the ocean at high 
tide, and the upper surface by soil. 

I have spent a good deal of time in examining this complicated and 
very interesting net work of veins and dykes ; and I cannot see why 
we have not evidence here, of the extraordinary fact — unique so far as 
I know — of A/c«?cn successive eruptions of granite and trap rock. Or 
if we regard the basis rock as metamorphic ; — that is, formed by the fu- 
sion of gneiss j — and it may be so, — still, we have ten subsequent in- 
jections ! 

Descr, Veins and dykes usually cross the strata at various 
angles. But not unfrequently for a part of their course they 
have been intruded between the strata ; and hence have been 
mistaken for beds, and have given rise to the inquiry whether 
granite is not stratified. 

Descr- Dykes are usually nearly straight ; but granite veins 
are sometimes very tortuous. 

nius. Fig. 19, shows two small but very distinct granite veins in ho- 
mogeneous micaceous limestone in Colrain, Mass. If these are injected 
veins, as they appear to be, it is extremely difficult to account for their 
tortuosity. 
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CtraniU Veins in Micaceous Limestone : Colrain, Mass. 

Fig. 20. 

Fig. 20, represents 
a granite vein only 
one-eighth of an inch 
thick, conforming to 
the flexures of mica 
slate in Conway, Ms. 
Perhaps this may be 
a segregated vein. 

Fig. 21, (see next page) is a tortuous vein of granite in talcose slate in 
< 'Hester, Mass., which does not conform to the flexures of the slate. It 
IS possible, however, that it may correspond to the orginal curves of 
deposition, and that the present slaty structure is superinduced ; though 
I have strong reasons to think that this is not the case. 

Descr. In modern volcanos the lava is ejected from circular 
vents, called craters. But the older unstratified rocks, although 
evidently of volcanic origin, appear to have been protruded 
along extended fissures, either across the strata, or in the same 
direction as their strike. It is possible, however, that craters 
did once exist, but have been swept away by powerful denuda- 
tion of the surface. 

Erample. A range of greenstone commences at New Haven in Con- 
necticut, and runs diagonally across the valley of the • Connecticut, 
until it terminates in Hampshire County in Massachusetts. It must be 
70 or 80 miles in length, and one or two in breadth, and it conforms 
generally to the strike of the sandstone. 

Descr. The unstratified rocks, especially when exposed to the 
weather, are usually divided into irregular fragments by fissures 
in various directions. 

Descr. Sometimes, however, these rocks have a concretionary 
structure on a large scale ; that is, they are composed of con- 
creted layers whose curvature is sometimes so slight, that they 
are mistaken for strata. 
3* 
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Fig. 21. 




Obs. Cases of this sort can be distin- 
guished from stratification, first by the 
concreted divisions not extending 
through the whole rock ; Secondly, by 
the want of a laminar or slaty structure 
in the parallel masses. ' 

Exam. A fine example of this con- 
creted structure occurs at one of the 
quarries in syenite near Sandy Bay on 
Cape Ann. Another occurs in granite, 
at the granite quarry in the hill east of 
the vifiage of Worcester. Another in 
Fitchburg. Another in the trap rock at 
Nahant. 

JJef. An interesting variety of 
jointed structure in some of the un- 
stratified rocks, is the prismatic or 
columnar, by which large masses of 
rocks are divided into regular forms, 
from a few inches to several feet in 
diameter; but with no spaces be- 
tween them. 

Obs. This curious phenomenon will be 
more particularly • described in a subse- 
quent section. 

Descr, The layers of the stra- 
tified rocks are sometimes horizon- 
tal ; but more frequently they are 
tilted up so as to dip beneath the 
horizon at every possible angle. 

Def. The angle which the sur- 
face of a stratum makes with the 
plane of the horizon is called its 
inclination or dip ; and the direc- 
tion of its upturned edge is called 
its strike or bearing » 

Obs. Of course horizontal strata have 
neither strike nor dip. The exposure of 
a stratum at the surface is called In the 
language of miners, its out-crop or 
bassetintr. 

Descr. As a general fact, the 
n'^wer or higher rocks are less in- 
clined than those below. The high- 
est are usually horizontal; while 
the oldest are often perpendicular. 

Ohs. This admits of too many excep- 

I ' tions to be employed as a means for de- 

1 1 termining the age of rocks. Thus, a 

consido ruble part of the gneiss rocks of 

New England (usually the oldest of the 
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stratified rocks,) has a less dip than the sandstonei, or even than some 
of the tertiary rocks of the same region. 

Descr. The instrument employed for ascertaining the dip of 
a stratum, is called a Clinometer, Every geologist, however, 
ought to be able to determine the dip vv^ith sufficient accuracy 
for most purposes by the eye. A good pocket compass will an- 
swer for finding the strike. 

Descr. Unstratified rocks do not probably occupy one tenth 
part of the earth's surface. 

Descr. In Great Britian, says Dr. Macculloch, " they do not cover * 
thousandth part of the superficies of the island." In Massachusetts, 
they occupy nearly a quarter of the surface. 

PnU' These rocks, however, we have reason to suppose, oc* 
cupy the internal parts of the earth to a great depth, if not to 
the centre ; over which the stratified rocks are spread with v^ry 
unequal thickness, and rn many places are entirely wanting. 

Explanation. Fig. 12, will convey a better idea than language, of the 
relative situation of the two classes of rocks. The different groups of 
stratified rocks, viz. Alluvium, Diluvium, Tertiary^ Secondary and Pri- 
mary, are here shown resting upon one another, and upon granite be- 
neath. This granite, also, is shown protruding to the surface ; and 
upon its sides lie the stratified rocks highly inclined : veins of syenite, 
porphyry, trap, serpentine and lava, are also shown protruding through 
the granite, and coming from beneath it ; as they must do, because they 
have been erupted since the granite. Veins of syenitic granite of a pos* 
terior date are likewise shown, penetrating the stratified rocks to the 
top of the secondary strata, which is the most recent granite yet discov- 
ered. The syenites and porphyry rise no higher than the top of the 
secondary : but the trap rises to the top of the tertiary ; and finally, 
modern lava overspreads alluvium. The stratified rocks are represent- ' 
ed as inclined at different angles ; the lowest, being the most tilted up. 
Although, therefore, this is not a section of any particular portion of 
the earth's crust, yet it will give a correct idea of the relative situations 
of the groups both of stratified and unstratified rocks. For a much 
larger and more detailed section of this sort, see Bucklaud's Bridgewater 
Treatise, Plate 1. 

Formations, 

Remark. It is not possible in geology as in other departments of natu- 
ral history, to describe species with definite and invariable characters ; 
because each rock is found to be made up of varieties, often very nu- 
merous, which insensibly graduate into one another ; as do also the 
rocks themselves in many instances In botany, mineralogy and zoolo- 
gy, species are separated by definite lines, and never do thus pass into 
one another. If, therefore, we employ in geology the same exactness 
of specific description as in these sciences, we shall impose on nature 
a logical precision which will not fit her in this department of her works. 
Another method must, therefore, be adopted. See Macculloch's Geologi- 
cal Classification of Rocks, Chap. 1. 

Def, Each rock, in its most extended sense, consists of sev- 
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eral varieties, agreeing together in certain general characters, 
and occupying such a relative situation with respect to one ano- 
ther, as to show that all of them were formed under similar 
circumstances, and during the same geological period. Such 
a group constitutes a Formation. Ex. gr. Gray wacke Forma- 
tion, Gneiss Formation, &c. 

l>c/. This term often embraces several distinct rocks, when 
there is reason to suppose them the result of the same geologi- 
cal period. 

Fig. 22. will give an idea of the English Lias Formation lying be- 
tween the Oolite formation above, and the red sandstone formation be- 
neath. 

Fig. 22. 

Upper lias shales, 



Lias Formation. ^ 




d — ^_ "^, L ~ ^- r*Z Marlstone, 
: Middle lias shales. 



b- Jjr_ -— j^L- .^Jl.^ Lias limestones, 
a Lower lias shales. 



Def. The English word Group^ and the French Terrain^ are 
nearly synonymous with formation. The term Series is also 
very convenient in description. 

Def, When the planes of stratification are parallel to one 
another in different formations, the stratification is said to be 
conformable : when not parallel, it is unconformable. 

Deacr. The stratification in different formations is usually 
unconformable, as is shown in the position of the secondary 
and primary formations in Fig. 12. 

Inf. It is hence inferred that the stratified rocks were elevated 
at different epochs : in other words, those formations which are 
the most highly inclined, must have been partially elevated be- 
fore the others were deposited upon them. 

Descr. These numerous elevations of the strata have pro- 
duced in them a great variety of cracks, fissures, and slides. 

J}ef. When the continuity of the strata is interrupted by a 
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fissure, so that the same stratum is higher on one side than on 
the other, or has been slidden laterally, that fissure is called a 
/atf//, or a trouble^ — a slip, — a dyke, &c : as a, by c, d, Fig. 23- 

Fig. 23. 




Rem. A fault is generally fillnd with fragments of rocks, clay, <fec. as 
d. It often occasions great trouble in the working of mines, because, 
when it is reached, it is impossible to decide whether the continuation 
of the mineral sought is above or below the level, or to the riglit or left. 

Def. If the fissure is open and of considerable width, and is 
succeeded at each extremity by a wider valley, it is called a 
Gorge y as c 

Def. If it be still wider, with the sides sloping or rounded at 
the bottom, a valley is produced ; as d. 

P/in, In a similar way most of the valleys of primitive coun- 
tries were formed. 

Def. The line forming the top of a mountain ridge, or run- 
ning through a valley, along which the strata dip in opposite di- 
rections, is called an anticlinal line, or anticlinal axis : as at a, 
Fig. 24, and 6, Fig. 25. 

Fig. 24. 




G L L i; 

Def. When the strata dip towards this line on each side of it, 

is called a synclinal line, or axis, as at b, Fig 24. 

Fi^. 25. 
b 
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34 ALLUVIUU AND DILUVIUM. 

Dtf. When the strata dip from any point in all directions 
outwards, (as around the crater of a volcano,) the dip is said to 
be qitaquaversaL 

Classification of Rocks. 

Remark. Numerous attempts have been made to classify the rocks. 
But none of the arrangements hitherto proposed, possess so decided a 
superiority over the oUiers as to be adopted in every particular. In the 
present state of the subject, all that can be done is to give the 
outlines of the most important systems of classification, leaving the 
reader to take his choice among them. I shall first describe some of 
the larger groups of rocks, which have long been admitted by most ge- 
ologists to exist in nature. The names by which they are designated 
are indeed objectionable, because they were originally founded upon 
uncertain hypothesis : and many excellent writers have entirely exclu- 
ded them from their works. But as they still continue to be employ- 
ed by most geologists, and as they can now hardly mislead even a tyro 
in the science, and are moreover founded in nature, I shall retain the 
most of them in the following familiar description of the earth's crust. 

Descr, If we suppose ourselves placed in a meadow, which 
has resulted from the successive deposits of annual floods, and 
begin a perpendicular excavation into the earth, we shall pass 
thiougb the dilTerenl classes of rocks in the following order. 

Def. For a few feet only, — rarely as many as 100, we shall 
pass through lasers of loam, sand, and fine gravel, arranged in 
nearly horizouial beds. This deposit, from an ex.sting river, is 
denominated Alluvium. 

Def. All deposits from causes now in action, which have 
taken place since the present order of things commenced on the 
globe, are usually regarded as alluvial. 

Def, The second formation which we shall penetrate, is 
composed of coarse sand and gravel, with fine sand and even 
sometimes clay, containing, however, large rounded masses of 
rock called Bowlders ; the whole mixed together, yet often dis* 
tinctly, and horizontally stratified. This formation, evidently 
the result of aqueous agency is called Drift or Diluvium. 
It is distinguished from alluvium, first by its inferior position ; 
secondly, by the marks of a more powerful aqueous 
agency ; and thirdly, by extending over regions where no existing 
streams or other causes now in aption could have produced it. 

Obs. Some geoWical writers do not admit the existence of Diluvium 
as a distinct formation, but include it all in the formations above or be- 
neath. See LyelVs Principles of Geology^ passim. 

Def The third series of strata which we penetrate in de- 
scending into the earth, is composed of layers of clay, sand, 
gravel, and marl, with occasional quartzose and calcareous beds 
more or less consolidated ; all of which were deposited iu waters 
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comparatively quiet and in separate basins. They also contain 
many peculiar organic remains, and sometimes dip at a 
small angle, though usually they are horizontal. These strata 
are called Tertiary, 

Obs. It is only a iew ye&rs since all the formations above described 
were regarded as alluvium. 

Descr, The formations which we penetrate after passing 
through the tertiary, are composed for the most part of solid 
rocks. They are, however, mostly made up of sand, clay, and 
pebbles, bound together by' some sort of cement. With these 
are interstratified many varieties of limestone j and throughout 
the whole series is found a great variety of the remains of ani- 
mals and plants, very different from those in the tertiary strata. 
These groups of rocks sometimes lie horizontal ; but are usually 
more or less elevated, so as to make them dip at various angles. 
They are called Secondary Rocks. 

Obs. It will be seen that all the fossiliferous rocks below the tertiary 
are here included in the secondary class. Many geologists, even to the 
present time, have separated some of the lower groups into a class 
named Transition^ becaus<^- they appear as if produced when the earth 
was in a transition state fi om desolation to a habitable condition, and 
have a texture partly mechanical and partly chemical. I do not attempt 
to define such a class^ because I cannot fix upon any characters by 
which it can be distinguished from the secondary strata. 

Def. The stratified rocks below the secondary, are distin-* 
guished by the absence of organic remains, by having a struc- 
ture more or less crystalline, and by being more highly inclined. 
They are called Primary Rocks. 

Remark. D'Halloy, Dr. Macculloch, Prof. Phillips, and some others 
include some of the fossiliferous rocks, — as clay slate, and graywacke, — 
in the Primary Class, as may be seen on the Tabular View at the end 
of this Section. 

Descr. Immediately beneath the primary stratified rocks, we 
find the unstratified ones. 

Inf. As this is found to be the case wherever the stratified 
rocks have been penetrated, it is inferred that the internal parts 
of the globe, beneath a comparatively thin crust, are made up 
of unstratified rocks : at least to a very great depth. 

Descr. Among the primary rocks there is no settled order of 
superposition. Perhaps gneiss most commonly lies immediately 
above granite ; but the other members of the series are firequent- 
ly found also in the same position. 

Descr. Among the fossiliferous rocks there exists an in-* 
variable order of superposition. 

Exception. In a few cases internal forces have not merely lifted 
upan their edges, but actually overturned strata of considerable thick- 
ness. The Section in Fi^. ^, was taken in the Alps, and exhibits a 
case of this kind. G, is gneiss, L, L, limestone, C, conglomerate| 
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locally called Nagleflue. Now the limestone is really an older rock than 
the conglomerate ; and yet it lies above the conglomerate, because the 
whole series has been tossed over, so as to bring the newer rocks be- 
neath the older. 

Descr, Tn some instances the strata have been folded together 
on a vast scale, and in such a manner as to bring some of 
the newer rocks beneath the older. Fig. 26, is a section of 
Y\(T. 26. t^'s character. Origi- 

nally the strata were prob- 
ably folded, as is shown 
by the curved lines pass- 
ing from 1 to 1, 2 to 2, 
and so on. But their up- 
per parts have been de- 
CL nuded, so that the pre- 
sent surface is a, a. The 
oldest strata are now 
found to be 6, 6 ; and 
Folded jixts. they correspond outward 

on each side of these ; as 5, 5 ; 4, 4 ; &c. Such an example 
as this has been called b. folded axis* 

Example, I have no small reason to believe that a similar folding and 
overturning of the strata have taken place on a vast scale in the United 
States 'y although the phenomena have not yet been studied as careful- 
ly as would be desirable ; and some of our geologists explain the in- 
verted dip on other principles. Alonff the western part of the Green 
And Hoosac Mountains, in New England, occur interstratified beds of 
gneiss, mica slate, talcose slate, clay slate, limestone, and older Siluri- 
an rocks, which are either perpendicular, or have a high easterly dip : 
and yet the oldest members of the series are found along the eastern 
side of this belt, and the strata become newer and newer as we go west- 
erly : that is, the oldest rocks lie apparently above the newer ones. 
These appearances present themselves nearly the whole distance from 
Connecticut river to Hudson river ; a breadth of nearly 50 miles. Now 
suppose in early times the strata between those rivers to have been 
somewhat elevated, with Hoosac Mountain, or the Green Mountains as 
their principal axis, as is shown on Fig. 37 ; where L stands for lime- , 
stone, M, for Mica Slate, T, for Talcose Slate, S, for Clay Slate, and 
Gra. ibr Graywacke. While yet in a yielding state, imagine powerful 
forces to act m opposite directions at the two extremities of these strata: 
that is, at Connecticut and Hudson rivers j where we have reason to 
believe extensive faults exist : while at the same time we may suppose 
an upward strain upon the strata from gas or melted matter beneath. 
The effect would be to bend and fold together the strata, as they are 
shown upon Fig. 28. If afterwards they were denuded by water, to 
the depth of ^e irregular line A A, their character, dip, and out- 
line would correspond essentially to what we find between Connecticut 
and Hudson rivers. It appears further, from the Geological Reports of 
Professors Mather on New York, of Prof. Henry D. Rogers on New 
Jersey and Pennsylvania, of Prof. William B. Rogers on Virginia, and 
of Prof. Troost on Tennessee, that these same rocks, with similar inver- 
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Bion of their dip, occur in all those states, forming a considerable part 
of the Appalachian Mountains ; and that in fact they extend almost un- 
interruptedly from Canada to Alabama; a distance of nearly 1200 miles. 
And if the above theory of the foldtn^r and inversion of this belt of rocks 
be correct in the latitude of Massachusetts, it is without doubt true 
over this vast extent of country. Nor can we doubt that agencies suffi- 
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ciently powerful have operated often in nature to produce these effects ; 
although it is_ difficult for the mind to become familiar with such stu- 
pendous forces. (See this theory farther elucidated in the Final Report 
on the Geology of Massachusetts , Vol. 2, p. 577, and in the first Anniver- 
sary Address before the Association of American Geologists at PhiladcL 
pkia, 1841. J According to Mr. Scrope, similar folded axes on a vast 
scale, occur in the mountains of South America. Scrape on Volca' 
noSy p. 195. 

DescT, Sometimes the strata, after descending in an inverted 
position from 1000 to 1500 feet, curve in such a direction as 
to bring them into their proper position : as is shown in Fig. 
29, taken in the Alps. 

Fig. 29. 




^ Carved Strata in the Alps. 

Descr. One or more rocks are frequently wanting in the se- 
condary serfes, which brings those of very different ages into 
contact : but the order of arrangement is never thereby dis- 
turbed. 

Examples. Thus in Fig. 30, on the left side of the central mass of 
granite (A,) we have the primary, (B,) the secondary, (C,) and the tertia- 
ty,(D,) in regular order : but on the other side, the secondary is wanting ; 
and the tertiary, D, lie directly upon the primary, F, as well as upon 
the granite, while a deposit of diluvium, E, comes in contact with all. 

Other Systems of Classification* 

Descr. Dr. Macculloch divides the strata into four principal classes. 
His Alluvial Class embraces Alluvium and Diluvium : His Tertiary 
Class is the same as that already described : his Secondary Class ex- 
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Fig. 30. 




tends no farther downward than to the bottom of the Old Red Sand- 
stone ; and the remainder of the fossHiferous rocks, with the stratified 
non-fossiliferous ones constitutes his Primary Class. He also distri- 
butes the unstratified rocks through the two latter classes, and adds a 
fifth, or the Volcanic Class. Reckoning the stratified and unstratified 
rocks together, he divides the whole into ten groups, which he also de- 
nominates Classes, by the designation Protolith.^ DetUolith, &c. This 
latter arrangement he denominates the J^atural System^ and the former 
the ArtificiM System. Macculloch's System of Geology Vol. 2. p. 78. 

Descr. In Rev. W. D. Conybeare's Arrangement, Alluvium, Diluvi- 
um, and the Tertiary strata, are called the Superior Order : the rocks 
from the chalk to the coal measures, form his Supermedial Order : the 
coal measures. Carboniferous Limestone, and old Red Sandstone, form 
his Medial Order : the remaining Fossiliferous rocks constitute his Suh' 
medial Order : and the stratified primary groups his Inferior Order. 
The unstratified rocks are distributed among the stratified, according to 
their supposed age. This system has the merit of being both simple and 
free from all hypothetical allusions. Conybeare and Wm. Phillips's 
Geology of England and Wales, Vol. 1, 1822. 

Descr. De la Beche divides all rocks into two great Classes, the 
Stratified and Unstratified. The latter he treats as a single family : the 
former, he subdivides into ten groups. The first is called the Modem 
Group, and corresponds to alluvium : the second is the Erratic Block 
Group, corresponding to Diluvium: the third, the Supercretaceous 
Group, embracing the tertiary strata : the fourth, the Cretaceous Group 
including only the chalk and some associated strata : the fifth, the Oolitic 
Group, comprehending the Oolite and the Lias : the sixth, the Red 
Sandstone Group, or the New Red Sandstone : the seventh^ the Carho- 
niferous Group, containing the coal measures, carboniferous limestone, 
and the old red sandstone^ : the eighth, the Graywacke Group, or the 
Gray wacke formation : the ninth, the Lowest Fossiliferous Group, or fos- 
siliferous slates lying below the graywacke : and the tenth the primary 
stratified non-fossiliferous rocks. This arrangement is ftso natural and 
satisfactory. De la Beche's Manual of Geology, p. 38. third edition. 

Descr. Lyell's first class embraces only alluvium, and is called Recent : 
the second class contains and is named the Tertiary : diluvium being 
included in the upper part, or JVcwer Pliocene strata : the third class he 
denominates Secondary, which extends to the bottom of the Old Red sand- 
stone : next succeeds his Primary Fossiliferous Class, which includes all 
the remaining fossiliferous rocks His Metamorphic Rocks embrace all 
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the stratified non-fossiliferous groups. The nnstratified rocks are dis- 
tributed through these several classes ; and he has likewise made a divi- 
sion of those unstratified rocks, that exist below the stratified ones, into 
Piimary Plutonic, Secondary Plutonic, Tertiary Plutonic, and Recent 
Plutonic, reckoning in a descending order. LyelVs Principles of Geology^ 
Vol. 2, p. 504. Also his Elements of Ge^tlogy, p. 279. 

Descr. Omalius d'Halloy, a French Geologist, in 1831, proposed 
the following system of arrangement. He first divides all rocks into 
Jieptunian, or the stratified, and the Plutonian, or unstratified : theA 
under his first class, or Modem Formation, he places alluvium ; under 
Tertiary Formatiojis, he puts diluvium and the tertiary strata ; under 
AmmoTiean Formations, he includes the subjacent rocks as far as the 
coal measures ; and under Hemilysian Fortnations, all the remaining 
stratified rocks. The unstratified ones he divides into two classes ; 
the first, embracing granite and porphyry, is called Agalysian ; the 
second, embracing basalt, trachyte, and lava, is called Pyroidal. His 
three first classes he also denominates Secondary ; and the remaining 
class of stratified rocks, with the first division of the unstratified. 
Primordial. Elements de Geologic, par J. J. D' Omalius D'HaUoy, 
Paris, 1831. 

Descr. Prof. Alexander Brongniart, another distinguished French 
geologist, in 1829, proposed to embrace all the rocks under the Jovian 
Period, or the existing era; and the Satumian Period, or the era 
preceeding the last revolution of the globe. His first period embraces 
only alluvium ; which he divides into Uie Muvial, Lysian, and Pyroge- 
nous Formations. His second period embraces first the Stratified or 
Neptunian Formations, and secondly the Massive or Typhonian Forma- 
iions. The first of these is divided into the Clysmian Formations, or 
diluvium ; the Izemian Forinations, or the tertiary strata, and the se- 
condary as far down as the Mountain Limestone; Hemilysian Formations, 
embracing all the remaining fossiliferous strata; and the Affalysian 
Formations, which include all the primary stratified rocks. His Ty- 
phonian class he divides into the Plutonian, and Vulcanian formations. 
Tableau des Terrains, ^c. par Prof. Al. Brongniart, Paris, 1829. 

Descr. Rozet, another Fretich author, in 1835, divided all rocks into 
two great Series, the first embracing the stratified, and the second the 
unstratified rocks. His first series he refers to six geognos tic epochs, 
Uie first embracing alluvium, the second diluvium, the uiird the tertia- 
ry strata, the fourth the subjacent rocks as deep as the coal measures, 
the fiflh the remaining fossiliferous rocks, and the sixth the non fossi- 
liferous stratified rocks. Traite Elementaire de Geologic, par M. Rozet^ 
Pttris, 1835. 

Deser. Dr. Mantell proposes a Chronological Arrangement of the 
rocks. His two great classes are the Fossiliferous Strata, and the Meta- 
morphic Rocks : the latter embracing the unstratified rocks as well as 
the stratified primary. Under Modem and Ancient Alluvium^ he 
places Alluvium and Uiluvium. Next come the Tertiary Strata : then, 
as the first group of the Secondary Formations, the Chalk or Cre- 
taeeous System. The second group is the Wealden : the third the 
Oolite ; the fourth the Lias ; the fifth the Saliferorts Strata : the 
sixth the Carboniferous System, or Coal: the seventh the Silurian 
System, or upper members of the Gray wacke series ; and the eighth 
the Cambrian or Graywacke system. His metamorphic rocks compre- 
hend three groups: 1. Mica Schist. 2. Gneiss. 3. Granite. ^a}tteU*0 
Wonders of Geology, Vol. 1. p. 178, london, 1838, 
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Descr. Professor John Phillips divides all rocks into the stratified and 
unstratified : and then, like De la Beche and Dr. Buckland, he does not 
attempt to distribute the latter among the former, but treats of each 
class separately. The statified class he thus subdivides. Alluvium and 
diluvium are placed under Superficial Accumulations^ and denominated, 
Alluvial Depositions and Diluvial Depositions. The tertiary strata he 
divides into the Cragy Freshwater Marls, and London Clay. The Se- 
condary strata, which extend to the bottom of the Old Red Sandstone, 
« he subdivides into the Cretaceous System, the Oolitic System, the Salife^ 
rous or Red Sandstone System, and the Carboniferous System. Next 
succeed his Primary Strata, which embrace the Silurian System, 
the Cambrian or Grayicache Sysi^Tn, the Skiddaic or Clay Slate System, 
the Mica Schist System', and the Gneiss System. The subdivision of these 
systems may be seen in the accompanying Table. Treat, on Geol. 
from the Encycloptedia Britannica, Vol. 1. Edinburgh, 1838. Also 
a Treat, on Geol. in 2 Vols. London, 1837, and 1839, in Cabinet Library. 

Descr. In 1840, Dr. John Pye Smith made the following division of 
the Strata. His Tertiary Class embraces all the rocks above the Chalk, 
divided in a descending order into Surface Soil, Beds of Rivers and Lakes ; 
Plistocene, embracing Sea Bottoms, Ceral Rocks, Peat; Marls and Tra- 
vertins; Pliocene or diluvium,sands and clays, and limestones, such as the 
English Crag ; Miocene and Eocene. His Secondary Class embraces the 
Cretaceous, Oolitic, Pcecilitic, (New Red Sandstone,) Carboniferous, and 
Old Red Sandstone Groups. His Primary Fossiliferous Class embraces 
the Silurian and Cambrian Systems ; and his Metamorphic Class embra- 
ces the Cumbrian (chiefly Clay Slate,) Mica Schist and Gneiss Systems. 
On the Relation between the Holy Scriptures and Some Parts of Geologi- 
cal Science, Second Edition, p. 375, London, 1840. 

Descr. The most important changes in the classification of the strati-* 
fied rocks that have of late been proposed, are those by Mr. Murghison, 
and Professor Sedgwick, in the group that has long been known under 
the general name of Graywacke. The former gentleman, after years of 
study, has produced a splendid quarto, with a geological map, upon the 
upper members of these strata, which he denominates the Silurian 
Group, because it is well developed in the ancient British kingdom of 
the Silures. The lower members of the Graywacke with some slates. 
Prof. Sedgwick denominates the Cambrian System, because fully 
developed in North Wales. ( Philips' s Treatise on Geology, Vol. I. p. 56.) 
Prof. Sedgwick has recently presented his views of the classification 
of all the stratified rocks below the Old Red Sandstone. His first Class, 
or the lowest, is denominated Primary Stratified Groups, comprehend- 
ing Gneiss, Mica Slate, Quartz Rock, &c. His second class he calls 
PaltBOZoic Series : which is thus subdivided. 1. The Lower Cambrian 
System, 2. The Upper do. 3. The Silurian System. Philosophical 
Magazine, for 1838, p. 299. 

Rem. 1. De la Beclje objects to these substitutes for Graywacke, except 
as mere local designations, on the ground that it is unwise to change 
old terms, until we can be sure that the new terms will answer for the 
whole earth. Report on the Geology of Cornwall and Dpvon^ p. 38. Lon- 
don, 1839. 

Rem. 2. Dr. Buckland in his Anniversary Address before the London 
Geological Society in February 1841, makes the following judicious re» 
marks upon this subject. " The term Graywacke," says he, " I rejoice 
to think, will not be condemned to the extirpation which has been threat- 
ened from the nomenclature of geology : it may still retain its place aa ^ 
4* 
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generic appellative, bomprehending the entire transition series of the 
fchool of Freyberg and divisible into three great subordinate formations ; 
the Devonian System of Sedgwick and Murchison being equivalent to 
t|ie upper Graywacke ; the Silurian to the Middle Gray wacke, and the 
Cambrian to the Lower." AmiaU and Mag. ofj^at. Hist. No. 40, Feb, 
1841. />. 487. 

Dtscr. A Classification founded upon Palieontological principles hat 
been suggested by several writers, and in the following Table one of 
this character has been added, copied chiefly from Mr. Lyell. It it 
l^lieved that at least six groups of animals and plants, too unlike to 
haye lived in the same condition of the earth, can be traced in the or* 
ganic remains found in the rocks. The first group embraces the Tertia- 
ry strata ; the second the Cretaceous ; the third the Oolitic ; the fourth 
the upper I^ew Red Sandstone, embracing the limestone called by the 
Qermans Musckelkalk ; the fifth the Lower New Red Sandstone, the 
coal Formation, and the Old Red Sandstone ; and the sixth, the remain- 
ing fossiliferous strata. This arrangement, however, will probably re- 
quire some modifications, when organic remains shall be more extensive- 
ly studied. LyeLVs Elements of Geology, p. 280. 

Rem. 1. The following Table affords a synoptical view of most of the 
Systems of Classification that have now been described. More full de- 
scriptions of these Systems may be found in the works referred to above. 
It should be recollected that these Systems have been mostly derived 
fjrom the study of the rocks of Great Britain, and a part of the conti- 
nent of Europe. But in their great outlines they are found to apply al- 
most equally well to all other parts of the globe hitherto examined. 
This Table embraces only the stratified rocks. The unstratified class 
will receive more attention in a subsequent Section. 

Rem, 2. The thickness of the strata as ffiven in the second column of 
the Table above described, was copied chiefly from the works of Pro- 
fessor Phillips. ( Treatise on Geology, Vol. 1. p. 54, London 1837, 1839.) 
But in the last column I have added the thickness of the British rock* 
83 given by Dr. J. P. Smith ; and although his numbers do not differ 
much from those given in the first column for the rocks above the Old 
Red Sandstone, yet below that formation the thickness is vastly greater ; 
the result, as I suppose, of recent admeasurements. 

Rem, ,\. It was dcsiruble thus early to describe the most important 
systems of classification adopted by geologists ; yet in doing it, it was 
necessary to presume upon a knowledge of some facts by the reader, 
which have not yet been explained. 

Rem. 4. A cursory view of the preceeding Table is apt to convey the 
inipression that almost every thing relating to the classification of rocks 
i^ unsettled, and that there is scarcely no agreement amongr the different 
systems. Some explanations and inferences, therefore, seem desirable, 
to present the subject in its true light. 

Prin. In judgina: of a classification of natural objects, it is im- 
portant that we distinguish natural froni artificial characters. 
Thus, in Botany, plants may be divided into classes and orders 
depending upon the number and situatiqn of the stamens and 
pistils of their flowers ; or upon the anatomical structure of the 
plant. By the first arrangement we shall bring together plants 
the most unlike in their general properties ; and therefore, there 
ia no necessary connexion between those properties and the num- 
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ber and situation of the stamens, and pistils, and hence such 
characters are artificial or arbitrary. But those plants which arc 
alike in anatomical structure, correspond in most of their pro- 
perties ; and such characters, therefore, are natural. 

Inf. 1. In applying this principle to rocks, we find first, that 
their division into stratified and unstratified is natural : that is, 
it brings together those kinds whose origin and other important 
characters are similar. Now we shall find that this division en- 
ters into nearly all the more recent systems of classification that 
have been described. 

Inf. 2. In the division of the rocks into fossiliferous and non- 
fossil iferous, all geologists agree : And in fact there is scarcely 
a possibility of disagreement on this point. So that here we 
have another important natural character as the b^sis of class- 
ification. 

Inf 3 In nearly all the systems of classification, the larger 
formations coincide ; which is a presumptive proof that they are 
natural ; since so many different observers agree in forming their 
boundaries. These formations ought perhaps to be regarded as 
the Species in Geology. 

Inf 4. Classification founded upon the relative age of differ- 
ent rocks, is entirely natural, because all observers agree that 
they were produced at different times. But as superpOsitioft 
and organic remains are th'e only safe criteria of relative age, 
there is ground for a diversity of opinion in assigning places 
to the different formations ; since these criteria can be ascertained 
sometimes only imperfectly. 

Inf 5. Characters dependent upon theoretical considerations 
are artificial, since few of the theories are so certainly settled as 
not to be liable to considerable modification. Hence such terms 
as Primary, Transition, Secondary, Tertiary, Diluvial, &c. are 
objectionable, if they are not understood to refer simply to super- 
position. 

Rem. Neology is often a greater evil in science than the continued use 
of objectionable terms ; continued, I mean, until terms are proposed 
which are so decidedly good as to force themselves into use. It is 
partly on this ground that the terms. Primary, Transition, Secondary, 
Tertiary, and Diluvial, still continue in use. But it is partly, also, be- 
cause, apart from theoretical views, there does exist in nature some 
foundation for a division of the rocks into groups of this sort. How 
well marked, for instance, is the distinction between the tertiary and 
the secondary group ; and how difficult will it be to strike out from 
American geology such a deposit as diluvium. I know not why the 
ingenious arrangement of Mr. Conybeare has not been adopted, unless 
it be because it simply indicates superposition ; and geologists feel as 
if this did not express the whole truth in respect to the larger groups 
of rocks ; and therefore prefer to use terms which mean too mucn, 
rather than such as fall short of the truth. 
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, Inf. 6. Characters founded upon lithological distinctions are 
artificial, for the sanne reason that those derived from the num- 
ber of stamens and pistils are bad in botany. 

Inf- 7. Discrepancy in classification olten springs from car- 
rying the subdivisions of a formation too far , for the same 
reason that characters in botany and zoology could not be de- 
pended on, that were derived from the varieties of a species. 

Inf, 8. Finally, it appears that in all the essential principles 
of the classification of rocks, geologists are nearly agreed. They 
all admit one class to be stratified and another unstratified : — 
one portion of the stratified rocks to be fossiliferous and another 
portion not fossiliferous. And they generally agree, also, as to 
the extent of the different distinct formations; although seme 
would make their number greater than others, — just as it is in 
respect to species in mineralogy, botany, and zoology. Now 
these three principles are all that are essential for classification ; 
and some of the best geologists, as may be seen by the Table, 
limit themselves to these. But if others choose to subdivide the 
formations still farther, and to refer the groups to primary, 
secondary, &c. classes, even though they diflfer widely here, it 
must not be hence inferred that they are at variance in respect 
to the essential principles of classification. 



SECTION II. 

THE CHEMISTRY AND MINERALOGY OF GEOLOGY. 

Descr. Of the fifty-four simple substances hitherto discovered, 
sixteen constitute by their various combinations, nearly the 
whole of the matter yet known to enter into the composition of 
'the globe. They are as follows, arranged in three classes, ac- 
cording to their amount; the first in each class being most 
abundant. 

] . Metalloids J or the bases of the earths and alkaKes^ 

1. Silicium. 2. Aluminium. 3. Potassium. 4. Sodium. 
5. Magnesium. 6. Calcium. 



2. Metals Proper* 
1. Iron. 2. Manganese, 

3. Non Metallic Substances, 
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1. Oxygen. 2. Hydrogen. 3. Nitrogen. 4 Carbon. 6. 
Sulphur. 6. Chlorine. 7. Fluorine. 8. Phosphorus. Dt la 
Beckers Researches in Theoretical Geology^ p. 22. Amherst^ 1837, 

Descr. The metallic substances mentioned above, united 
with oxygen, constitute the great mass of the rocks, consoli'* 
dated and unconsolidated, accessible to man. Oxygen also forms 
twenty per cent- of the atmosphere, and one third part by measure 
of water. Hydrogen forms the other two thirds of this latter 
substance; and it is evolved also from volcanos, and is known 
to exist in coal. JNitrogen forms four fifths of the atmosphere, 
and enters into the composition of animals, living and fossil. It 
is found also in coal. Carbon, however, forms the principal part 
of coal ; and it exists likewise in the form of carbonic acid in the 
atmosphere, though constituting only one thousandth part 
(LieHg^s Organic Chemistry^ p. 74. Anier. Edition j 1841.) and 
it forms an important part of all the carbonates, and is produced 
wherever vegetable and animal matters are undergoing decom- 
position. Sulphur is found chiefly in the sulphurets and sul- 
phates that are so widely disseminated. Chlorine is found 
chiefly in the ocean, and in the rock salt dug out of the earth. 
Fluorine occurs in most of the rocks, though in small proportion. 
Still less is the amount of phosphorus, though widely diflused 
in the rocks and soils, and abundant in organic remains. 

Descr. Nearly all the simple substances above mentioned 
have entered into their present combinations as binary com- 
pounds ; that is, they^ were united two and ^two before forming 
the present compounds in which they are found. The following 
constitute nearly all the binary 'compounds of the accessible 
parts of the globe. 

1. Silica. 2. Alumina. 3 Lime. 4. Magnesia. 5. Po- 
tassa. 6. Soda. 7. Oxide of Iron. 8. Oxide of Manganese. 
9. Water 10. Carbonic Acid. 

Obs. It is meant only that these binary compounds, and the sixteen 
vimple substances that have been enumerated, constitute the largest 
part of the known mass of the globe : for many other binary compounds, 
and probably all the known simple substances are found in small quan- 
tity in the rocks ; but not enough to be of importance in a geological 
point of view. 

Descr. It has been calculated that oxygen constitutes 50 per 
cent, of the ponderable matter of the globe, and that its crust 
contains 45 per cent, of silica, and at least 10 per cent, of 
alumina. Potassa constitutes nearly 7 per cent, of the unstrati- 
fied rocks, and enters largely into the composition of some of the 
stratified class. Soda forms nearly 6 per cent of some basalts 
and other less extensive unstratified rocks ; and it enters largely 
into the composition of the ocean. Lime and magnesia are 
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diffused almost universally among the rocks in the form of sili- 
cates and carbonates, — the carbonate of lime haying been esti- 
mated to form one seventh of the crust of the globe ; at least 
three per cent, of all known rocks are some binary combination 
of iron, such as an oxide, a sulphuret, a carburet, &c.; man- 
ganese h w^idely diffused, but forms much less than one per 
cent, of the mass of rocks. 

DescT. The following Table presents an approximate estimate of the 
mean amount of metallic bases and of oxygen in some of the important 
rocks. Phillips's Treatise on Geology^ Vol. 1, 77. 24. 

100 parts of Granite=r)2 Metallic Basis 48 Oxygen. 
" Basalt=r57 " 43 " 

" Gneiss=53 " 47 " 

" Clay Slate=54 ? " 46 " 

" Sandstone=49 to 53 " 47 to 51 

" Limestone=52 " 48 " 

Descr. The following Table shows the approximate amount of silica 
and alumina in the most important rocks. 

" - 12.34. 

15.56. 
14.12. 
21.00 
15,20 
14.26 
15.56 
13,20 

See De la Beche's Researches in Theoretical Geology, p. 29 and 30. 
Mso Traite Elementaire de Miner alogie, par S. F. Beudant, Tome 1. p. 
112. Paris, 1830. 

Descr, Eight or nine simple minerals constitute the great 
mass of all known rocks. These are 1, Quartz, 2, Feldspar, 3, 
Mica, 4, Hornblende, 5, Carbonate of Lime, 6, Talc, embracing 
chlorite and soapstone, 7, Augite, 8, Serpentine. Oxide of iron 
is also very common ; but it does not usually show itself till the 
decomposition of the rock commences. 

Obs. The student of geology should become very thoroughly conver- 
sant with these minerals in all their modifications: for in the rocks 
their characters are often very obscure. 

Descr. Other minerals forming rocks of small extent, or en- 
tering so largely into their composition as to modify their cha- 
racter, are the following : Sulphate of Lime, Diallage, Chloride 
of Sodium (common salt), Coal, Bitumen, Garnet, Schorl, Stau- 
rotide, Epidote, Olivine, Pyrites. 

Descr, A few of these mhierals exist in so large masses as 
to be denominated rocks ; ex. gr. quartz, carbonate of lime, &c. 
but in general, from two to four of them are united to form a 
rock; ex.gr. quartz, feldspar and mica, to form granite. Jn 
some instances the simple minerals are so much ground down, 



Granite, 


69.40. 


Greenstone, 


54.86 


Basalt, 


52.00 


Compact Feldspar, 


55,50 


Gneiss, 


70,96 


Mica Slate, 


67,50 


Hornblende Rock, 


54,86 


Talcose Slate, 


78,15 
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previously to their consolidation, as to make the rock appear ho- 
mogeneous ; ex. gr. shale and clay slate. 

Descr, Water constitutes a part of nearly all rocks ; but in 
most cases it appears to be mechanically combined ; for with 
one or two exceptions, it does not exist in the simple minerals 
that enter into the composition of rocks. 

Obs. In the simple minerals that have been enumerated, analysis has 
detected water only in the the following. 

Sulphate of Lime (Gypsum), 19.88 per cent. 

Serpentine, 12,75 

Diallage, 8,20 

Talc, 4,20 

Pyroxene (a few varieties), 3,74 

Mica, 2.65 

Quartz, 1,62 

Hornblende, 0,55 

Geological Situation of Useful Rocks and Minerals. 

Prin^ The rocks and minerals useful in an economical point 
of view, are in a few instances found in almost every part of 
the rock series : but in a majority of cases, they are confined 
to one or more places in that series. 

Examples. 

Granite, Sienitc^ and Porphyry : found intruded among all the strati- 
fied rocks as high in the series as the tertiary strata : but they are al- 
most entirely confined to the primary rocks. De la Bechn's Manual, 

Greenstone and basalt are found among and overlying all the primary 
and secondary rocks : but they are mostly connected with the secondary 
strata. MaccuUoch's System of Geology, Vol. 2, p. 102. 

Lava, some varieties of which, as Pcperino, are employed in the art*, 
being the product of modern volcanos, is found occasionally overlyiog 
every rock in the series. 

Clay : the common varieties used for bricks, earthen ware, pipes, &c. 
occur almost exclusively in the tertiary strata : but we have reason to 
think some of them belong to the diluvial epoch. Porcelain clay re- 
sults from the decomposition of granite, and is found in connection with 
that rock. 

Marl, or a mixture of carbonate of lime and clay, is confined to the 
alluvial and tertiary strata : and differs from many varieties of lime- 
stone, only in not being consolidated. 

Limestone, from which every variety of marble, one variety of alabas- 
ter, and every sort of quicklime are obtained, is found in almost every 
rock, stratified and unstratified, below diluvium. In -the oldest strati- 
fied rocks and in the unstratified, it is highly crystalline ; and in the 
newest strata (ex. gr. chalk) it is oflen not at sill crystalline. The most 
esteemed marbles are obtained fron^ the newer primary and older secon- 
dary strata. 
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Serpentine occurs chiefly in connexion with the older stratified rocks. 
This is generally the case in N. England. It is found however, with 
some secondary rocks, and not unfrequently with trap rock. 

Sulphate of Lime, or Gypsum, which produces one variety of alabas- 
ter, and is employed for taking casts, forming hard mortar, and spread- 
ing upon land in the state of powder, occurs chiefly in the new red 
sandstone series. It is found also in the Lias, Oolite, Green Sand, and 
Tertiary strata. In this country it is found associated with the oldest 
of the secondary (transition) rocks. 

Roek Salt (Chloride of Sodium) is frequently found associated with 
gypsum in the new red sandstone. It occurs also in the supercretace- 
ous or tertiary strata ; as at the celebrated deposit at Wieliczka in Po- 
land; and in Sicily, and Cardona (Spain), in cretaceous strata: in the 
Tyrol, in the Oolites, and in Durham, England, salt springs occur in 
the coal formation. In the United States they issue from the Silurian 
rocks. Bucldand*s Bridgcwater Treatisey Vol. 1. p. 72. De la Becke's 
Manual y p. 246. 

Descr. If vegetable matter be exposed to a certain degree of moisture 
and temperature, it is decomposed into the substance cidled Peat, which 
is dug from swamps, and belongs to the alluvial formation. 

Lignite or Brown Coal, the most perfect variety of which is jet, is 
found chiefly in the tertiary strata ; sometimes in the higher secondary ; 
and appears to be peat which has long been buried in the earth, and 
has undergone certain chemical changes, whereby bitumen has been 
produced. It generally exhibits the vegetable structure. 

Bituminous Coal appears to b^ the same substance which has been 
longer buried in the earth, and has undergone still farther changes ; 
though their precise nature is not well known. Its principal deposit is 
in that part of the secondary series called the coal formation, or coU 
measures. But it occurs in small quantity in the New Red Sandstone 
■eries, in England, Poland, and Massachusetts : and in Scotland it is 
worked in the lias limestone. A thick bed of it has also been found in 
the Plastic Clay of the Tertiary strata in Hesse. Conybeare*s Report 
(1S32) on Geology to the British Association, p. 390. Also, Fhilo- 
sophical Magazine, Vol. 2. JV«o Series, p.lOi and 108. 

Obs. The French geologists describe a variety of coal intermediate in 
Sis characters and position between cannel coal and lignite : but it is 
doubtful whether on strict mineralogical principles even lignite can be 
separated from bituminous coal. See Tableaux des Terrains par AL 
Brongniart and Traite Elementaire de Mineralogie par F. S. Beudant. 

The principal deposit of anthracite in Europe, is in the graywacke 
formation ; and it is supposed that this substance is common coal which 
has undergone still farther changes and lost its bitumen. In this coun- 
try, however, there is reason to suppose that the vast deposit of anthra- 
cite in Pennsylvania, the largest in the world, is associated with the 
common coal measures. See Prof. H. D. Roger's Second Anniud Report 
#» the Geological Exploration of the State of Pennsylvania, 1838. 

The anthracite of Rhode Island, and the southeastern part of Massa- 
chusetts is in a rock whose exact place in the series has not been satui- 
^torily determined, bmt probably it may belong to the coal formation. 
In Worcester, the anthracite occurs in a sort of bastard mica slate. On 
the Continent of Europe, it occurs also in mica slate, in primary lime- 
stone, and in gneiss. MaccuUoch^s System of Geology, Vol. 2. p. 296. 

Prof. Alexander Brongniart describes a true anthracite as occurring in 
ike Plastic Clay of Mount Meissner in Hesse. This however appears to 
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luLve been formed from bituminous coal by the action of igneous rocks; 
and such cases have led soiYie geologists to suppose that anthracite was 
always thus produced. It occurs in small quantities in almost all the 
stratified rocks from the oldest to the plastic clay. 

Graphite^ Plumbago^ or Black Lead^ appears to be anthracite which 
has undergone still farther mineralization : at least, in some instances, 
when cosu has been found contiguous to igneous rocks, it is con- 
verted into Plumbago ; and hence such may have been the origin of the 
whole of it. In the Alps plumbago is found in a clay slate that lies 
above the lias. (Annales des Sciences Naturelles^ Tome^ XV. 1828. p. 
377.^ It is found also in the coal formation. Traite Elementaire de 
Mineralogie par F. S. Beudant^ Tome 2. p. 263. 

Descr. Ail the varieties of coal that have been described, 
occur in the form of seams, or beds, interst ratified with sandstones 
and shales : and most usually there are several seams of coal 
with rocks between them ; the whole being arranged in the 
form of a basin. Fig. 31, is a sketch of the great coal basin of 
South Wales, in Great Britain ; which contains twenty three 
beds of coal ; whose united thickness is ninety three feet. 
When we consider how much this arrangement facilitates 
the exploration and working of coal, we can hardly doubt but 
it is the result of Divine Benevolence. 

Fig. 31. 




Descr, The Diamond^ which is pure crysfalized carbon, has 
been found associated with new red sandstone at Golconda in 
South America, and at Panna in India. This rock there is in 
proximity with, and based upon granite, and perhaps the crystal i- 
zation of the carbon resulted from this cause. Edinburgh Jowr^ 
nal of Science^ VoLX. p- 184. Cmybeare^s Report on Geology y 
p. 395 and 398. In general, the diamond is found in diluvium ; 
caving been removed from its original situation ; and wo may 
always presume that every mineral existing in the old^ 
rocks will be found also in diluvium ; because their detritus 
must contain them. 

Inf, It has been inferred from the preceding facts, that a)l 
the varieties of carbon above described, had their origin in vege- 
5 
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table matter ; and that heat and water have produced all the 
varieties which we now find. MacculloMs System of Geology^ 
Vol 2. p. 297. All geologists, however, do not concur in this 
opinion. See Feathersionhaugh^s Geological Report^ (lSS5)p. 24. 

Almost all the precious stones, such as the sappnire, emerald, spinel, 
chrysoberyl, chrysoprase, topaz, iolite, garnet, tourmaline, chalcedony, 
amethyst, &c. are found exclusively in the oldest and most crystalline 
rocks. Quartz in the various forms of rock crystal, chalcedony, carnelian, 
cacholong, sardonyx, jasper, &c. is found sometimes in the secondary 
strata, and especially in the trap rocks, associated with the secondary 
formations. 

Bescr. Some of the metals, as platinum, gold, silver, mer- 
cury, copper, bismuth, &c. exist in the rocks in a pure, that is, 
a metallic state ; but usually they occur in the state of oxides, 
sulphurets, and carbonates, and are called ores. It is rare that 
any other ore is found in sufficient quantity to be an object of 
exploration on a large scale. 

Descr, These ores occur in four modes : 1 . In regular inter* 
stratified layers, or beds : 2. In veins or fissures, crossing the 
strata and filled with ore united to some ^angue or matrix. 3. 
In irregular masses : 4. Disseminated in small fragments through 
the rocks. 

Descr. Iron is the only metal that is found in all the forma- 
tions in a workable quantity. Among all its ores, only four 
are wrought for obtaining the metal : viz. the magnetic oxide, 
the specular or peroxide, the hydrated per oxide, and the proto- 
carbonate. 

Manganese occurs in the state of a peroxide and a hydrate ; — and is 
confined to the primary rocks ; except an unimportant ore called the 
earthy oxide, which exists in earthy deposits. 

The most important ores of copper are the pyritous copper and the 
carbonates. These are found in the primary rocks, and as high in the 
secondary series as the new red sandstone ; in one instance in tertiary 
strata. Wonders of Geology, Vol. 2. p. 651. 

The only ore of lead of much importance is the sulphufet. This 
generally occurs in the., primary rocks both stratified and unstratified ; 
but it exists also in the newer rocks as high in the series as the lias. 

The deutoxide of tin is the principal ore of that metal. This is most 
commonly found in the oldest formations of gneiss, granite, and por- 
phyry : also in the porphyries connected with red sandstone. It is 
found likewise in quantity sufficient to be wrought in drift. 

Of zinc the most abundant ore. is the sulphuret, which is commonly 
associated with the sulphuret of lead, or galena. Other valuable ores 
are the carbonate, silicate, and the oxide, which occur in secondary rocks. 

The most common ore of antimony, the sulphuret, has hitherto been 
found chiefly in granite, gneiss, and mica slate. 

The principal ore of mercury, the sulphuret, occurs chiefly in new 
red sandstone : — sometimes in a sort of mica slate. 

Silver in its three forms of a sulphuret, a sulphuret of silver and an- 
timony, and a chloride, has been found mostly in primary and transition 
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jilates : — sometimes in a member of the new red sandstone series ; and in 
one instance in tertiary strata. Wonders of Geology, Vol. 2. p. 651. 

Gold and Platinum always occur in a metallic state ; and they hare 
usually been explored in diluvium. They are often associated^iioweyer, 
with tne older rocks ; and in this country especially, a ^Id deposit has 
been traced from Canada to the southern part of Georgia, and the metal 
is embraced in the talcose slate formation, in veins, usually of quarts. 
It is found also rarely in gray wacke, and even in tertiary strata. 

Cobalt, bismuth, arsenic, &c. are usually found associated with silver, 
or copper; and of course occur in the older rocks. The other metals, 
which, on account 6f their small economi<5al value, and minute quantity, 
it is unnecessary to particularize, are also found in the older strata ', fm- 
quently only disseminated, or in small insulated masses. 

Obs. An excellent and much more extended view of the geological 
situation of useful minerals, may be found in Beudant's Traite Elemen- 
taire de Mineralogie, Tome Premier, Livre Quartieme : Paris, 1830. 

Inf. It appears from the facts that have been detailed respect- 
ing the situation of the useful minerals, that great assistance in 
searching for them may be derived from a knowledge of rocks 
?ind their order of superposition. 

Illustration. No geologist, for instance, would expect to find valuablf 
beds of coal in the oldest crystalline rocks, nor in the tertiary strata; 
but in the secondary fossiliferous rocks alone : and even here, he would 
have but feeble expectations in any other rock except the coal formation. 
What a vast amount of unnecessary expense and labor would have been 
avoided, had men, who have searched for coal, been always acquainted 
with this principle, and able to distinguish the different rocks ! Per- 
pendicular strata of mica and talcose slate would never have been bored 
into at great expense, in search of coal : nor would schorl have been 
mistaken for coal, as it has been ! 

By no mineral substance have men been more deceived, than by iron 
pyrites; which is very appropriately denominated /oo£«' ^oZ(2. When 
in a pure state, its resemblance to gold in color is often so great, that it 
is no wonder those unacquainted with minerals, should suppose it to be 
that metal. Yet the merest tyro in mineralogy can readily distinguish 
the two substances ; since native gold is always malleable, but pyrites 
never. This latter mineral is also very liable to decomposition, and 
such changes are thereby wrought upon the rocks containing it, as to 
lead the inexperienced observer to imagine that he has got the clue to 
a rich depository of mineral treasures ; and probably nine out of ten of 
those numerous excavations that have been made in the rocks of this 
country, in search of the precious metals, had their origin in pyrites, 
and their termination in disappointment, if not poverty. This ore also, 
when decomposing, sometimes produces considerable heat, and causes 
masses of the rock to separate with an explosion. Hence the origin of 
the numerous legends that prevail respecting lights seen, and sounds 
heard, in the mountain where the supposed treasure lies, and which so 
sirongly confirm the ignorant in their expectation of finding mineral 
treasures. Now all this delusion would be dissipated in a moment, were 
the eye of a geologist to rest on such spots, or were the elementary 
principles of geology more widely diffused in the community. 

Another common delusion respects gypsum ; which is as often sought 
among the primary, as in the secondary and tertiary rocks : although 
it is doubtful whether primary gypsum has ever been found. A few^ 
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yemrs since, howerer, a farmer in this conntrj supposed that he had di§* 
covered gypsum on his farm, and persuaded his neighbors that such was 
the case. They bought large quantities of it, and it was ground for 
agriculture, when accidentally it was discovered that it was only lime- 
stone : a fact that might have been determined in a moment at first, by 
a single drop of acid. 

Caution. It ought not to be inferred from all that has been 
said, that because a mineral substance has been found in only 
one rock, it exists in no other. But in many cases we may be 
almost certain that su6h and such rocks cannot contain such and 
such minerals. Of these cases, however, the practised geologist 
can alone judge with much correctness, and hence the importance 
of an extensive acquaintance with geology in the community. 
An amount of money much greater than is generally known, has 
been expended in vain for the want of this knowledge. 

Observation. The chemical changes which rocks have undergone 
since their deposition, as well as the operation of decomposing agents 
to which they are now exposed, properly belong to the chemistry of ge- 
ology. But these points will'be deferred to subsequent sections ; becauso 
they will there be better understood. 



SECTION III. 

THE LITHOlIiOGICAL CHARACTERS OP THE STRATIFIED ROCKS. 

Def. The Lithological character of a rock embraces its mine- 
ral composition and structure as well as its external aspect, in 
distinction from its zoological and botanical characters, which 
refer to its organic remains. 

Remark. I shall describe the stratified rocks under the names and in 
the order in which they are given in the Tabular Synopsis at the 
close of Section 1. They are, however arranged into Groups or Sys- 
tems, nearly corresponding with those of Professor John Phillips. I have 
also arranged these systems, under the terms Alluvium, Diluvium, 
Tertiary, Secondary, and Primary ; — not because I feel satisfied with 
these terms ; but chiefly because they have become so incorporated with 
geological descriptions that their use is still convenient, and but little 
iable to lead the learner astray ; especially if he be forewarned against 
the hypothetical intimations which they contain. Yet another reason 
for using them is, that there does exist in nature a ground for grouping 
together the rocks in some analogous manner ; and these terms may be 
employed until some decidedly better ones are proposed. 

1. ALLUVIUJf. 

Descr. The following stratified deposits are the result of 
alluvial agency. 
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1. Soil. 8. Siliceous Marl, or Deposits of 

the skeletons of Infusoria. 

2. Sand. 9. Bitumen. 

3. Peat. 10. Sulphate of Lime. 

4. Marl. 11. Hydrate of Iron. 

5. Calcareous Tufa 

or Travertin. 12. Hydrate of Manganese* 

6. Coral Reefs. 13. Chloride of Sodium (Sea Salt.) 

7. Siliceous Sinter. 14. Geic Compound (Apothemite.) 

15. Sandstones, Conglomerates, and Breccias. 

Prin. Soil is disintegrated and decomposed rock, with such a 
mixture of vegetable and animal matter that plants will grow in it. 

Proof. 1. We see almost every where the rocks crumbling down into 
soil. 2. Chemical analysis shows that the soils are composed generally 
of silica, alumina, lime, magnesia and iron, in about the same proportion 
as they are found in the rocks. Silica is much the most abundant 
ingredient. 3. The presence of organic matter is easily proved by burn- 
ing it off. 

Descr, Vast accumulations of sand, the result of alluvial 
agency, occur not merely in the bed of the ocean and in lakes, 
but also upon the dry land, where they are called dwnes or 
downs. These are composed almost entirely of silica ; and being 
destitute of organic matter, cannot sustain vegetation. 

Descr. The manner in which peat is formed has already 
been explained in general terms. (Section II.) When perfect- 
ly formed, it is destitute of a fibrous structure, and is, when wet, 
a fine black mud : and when dry, a powder. It consists chiefly 
of the decomposed organic matter called Geine or Huminy with 
crenic and apocrenic acids, phosphates, &c. part of which are 
soluble, and a part insoluble in water. These deposits of peat 
are sometimes 30 or 40 feet thick ; t^ut they are not formed in 
tropical climates on account of the too rapid decomposition 
of the organic matter. 

Descr. Alluvial Marl is usuUy a fine powder, consisting of car- 
bonate of lime, clay, and soluble and insoluble geine ; and is 
found usually beneath peat in limestone countries ; sometimes at 
the bottom of ponds. It is produced partly by the decay of the 
shells of molluscous animals, and partly by the deposition of the 
carbonate of lime from solution in water. It contains numerous 
small fresh water shells, and has received the name of shell 
marl. 

Method of detecting calcareous marl. The great value of this sub- 
stance in agriculture, and the confusion that prevails in its description, 
render it desirable to point out a test by which it can be distinguished. 
That test is an acid of some sort, the common mineral acids, oil of vi- 
triol, aqua fortis, and muriatic acid being the best ; but strong vinegar 
will answer. If the substance effervesce, when the acid is applied, we 
may be sure that it is genuine marl : otherwise not. 
4* 
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Other kinds ofmarls^ Several other substances that contain no carbo* 
nate of lime have often been denominated marl by agriculturists and not 
without reason ; for they have produced effects analogous to those of 
calcareous marl. But it seems very desirable that terms should not be 
applied too loosely, and I propose the following designations for theao 
substances. 

Calcareous Marl : that which contains carbonate of lime in any 
quantity. 

Siliceous Marl : that in which silica predominates, and no calcareou* 
matter is present. 

Aluminous Marl : that in which clay predominates and no calcareous 
matter is present. 

Green Sand Marl : that which contains green sand. This is the sub- 
stance that has been of late employed with signal success as a fertilizer 
of land in New Jersey, Virginia, Delaware, &c. If it contain any 
corbonate of lime, the compound term Calcareo-grcen sand marly might 
be employed. 

Method of searching for alluvial marl. The presence ot marl beneath 
a peat bog can be determined with a good degree of certainty, by plung- 
ing a pole, — the rougher the better, through the peat, until it reaches 
the solid bottom of the morass ; and on withdrawing it, some of the 
marl if any exist, will adhere to the surface ; though a coating of the 
black mud may cover it. 

Descr, Calcareous Tufa or Travertin^ is a deposit of car- 
bonate of lime, made by springs containiDo; that substance in 
solution. It forms a solid limestone, sometimes even crystalline, 
and of considerable extent ; so as to be used for architectural 
purposes. Thermal waters produce it most abundantly, as 
in Central France, Hungary, Tuscany, and Campagna di 
Roma : but it is also deposited by springs of the ordinary tem- 
perature, as at Saratoga and in the Appenines. (Dr Dau-- 
heny*s Report on Mineral and Thermal Waters, p 56. London^ 
1837. Also De la Beckers Manual of GeoT. p. 158. AlsoLydPs 
Prin. GeoL Vol. 2. p, 198.) Travertin is also precipitaed by 
rivers, as in Tuscany ; and at the mouths of rivers on tha 
coast of Asia Minor. (LyelVs Prin. Geology j VoL I. p. 237,) 
Very similar are the concretionary calcareous deposits formed 
in caverns: those depending from the roof are called Stalactites^ 
and tbose on the floor. Stalagmites. 

Descr. Coral Reefs are extensive deposits of carbonate of 
lime, formed by myriads of polyparia, or radiated animals, ia 
shallow water, in the south seas. They form the habitations of 
these animals ; and of course are organic in their structure. 

Dcscr, Siliceous Sinter^ or Tvfa, is a deposit of silica, 
made by the water of thermal springs, which sometimes hold 
that earth in solution. Successive layers of sinter and clay 
frequently occur, and these are sometimes broken up and re* 
cemented so as to form breccia. Prof. J, W, Webster in the 
Edinburgh PhilosophicalJoumal^ Vol, VL 
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Deser. SiHceous Marly or the FosHl Shiekh of Infusoria. 
Beneath the beds of peat and mud in the primary regions of 
this country, a deposit often occurs from a few inches to seve- 
ral feet thick, which almost exactly resembles the calcareous 
marl that is found in the same situation. When pure, it is 
white and nearly as light as the carbonate of magnesia : but it 
is usually more or less mixed with clay. It is found by analy- 
sis to be nearly pure silica ; and it turns out to be almost en- 
tirely composed of the siliceous shields, or skeletons, of those 
microscopic animals called Infasoriay or Ammalculay which 
have lived and died in countless numbers in the ponds at the 
bottom of which this substance has been deposited. 

Rem. The discovery of this curious fact (concerning which 
more will be said in a subsequent Section,) in relation to this 
country, was made by Prof Bailey of West Point. American 
Journal of Science^ Vol 35./). 118. Analogous substances occur 
in Europe : and the most of that just described, appears to be 
identical with the Bergmehl of Prof. Ehrenberg. 

Descr. Some springs produce large quantities of bitumen 
in the form of naptba and asphaltum. Their localities and ex- 
tent will be described in a subsequent section. 

Descr. Although sulphate of lime very generally exists in 
the waters of springs, yet it is rarely deposited. One or two 
examples only are mentioned, where a deposit of this salt has 
been made : as at the baths of San Philippo in France. De la 
Beckers Manual^ p> 158. 

Descr, Hydrate of Iron or Bog Ore, is a common and abundant 
deposit from waters that are capable of holding it in solution ; and 
it appears also, that this ore is often made up of the shields 
of Infusoria, which are often ferruginous. Wonders ofGc" 
ology^ Vol. 2. p, 660. 

Descr. The Hydrate of Manganese, also, by a somewhat 
similar process, is frequently deposited in the form of the earthy 
oxide, or \^ad^ in low grounds : and it can hardly be doubted 
but it is an alluvial product. Report on the Geology of Massa" 
chusettSy 2d Edition y p. 130. 

Descr. Chloride of Sodium or Rock Salt, is very rarely 
deposited from its solution in water so as to be visible, though 
some have supposed that this deposition does take place exten- 
sively at the bottom of such seas as the Mediterranean. It is 
said, however, to accumulate in some of the cavities of the 
rocks along the shores of the Mediterranean, in such quantities 
as to be collected by the inhabitants. 

Rem. The Rev. Justin Perkins, American Missionary, who resides 
on the borders of the Lake Ooromiah in Persia, states in a letter, that 
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the water of the lake rises five or six feet in the spring, and as it gra* 
dually subsides in the summer, " a very thin incrustation of salt is left on 
the land that has been overflown." He was also informed by a Nesto- 
rian Bishop and others, that for some years past, the mean level of the 
waters has been rising ; and that formerly the deposit of salt was so 
great as to form permanent alternating layers with sand. A specimen 
of this water just received, appears to be nearly saturated with salt. 

Descr, In Essex County, Mass. a curious substance of alluvial 
origin has been deposited in low grounds, which appears to be 
essentially a. pergeate of iron , and which has received from Dr. 
Dana, the nsLmeof Apoihemile. It will probably be found in many 
places, and seemed to deserve a passing notice among the products 
of alluvial action : although for details, I must refer to another 
place. Final Report on the Geology of Massachusetts^ p. 1 04. 

Descr, Alluvial Sandstone^ Conglomerate^ and Breccia, are 
formed by the cementation of sand, rounded pebbles, or angular 
fragments, by iron, or carbonate of lime, which is infiltrated 
through the mass in a state of solution. They are not very 
common, nor on a very extended scale. 

Def. When sand is cemented, the solid mass is called Sand- 
stone : rounded pebbles produce a Conglomerate or Plum Pudding 
Stone ; and angular fragments, a Breccia. 

Def. The varieties of alluvium, that have been iJescribed 
may be regarded as a Formation in the geological sense : and 
the period during which such a group is in the progress of 
deposition, that is, until some important change takes place in 
the material or mode of production, is called a Geological 
Period : and the point of time when the change occurs, is called 
an Epoch. 

2. DILUVIUM OR DRIFT. 

Rem. There is more diversity of opinion respecting the origin of this 
formation, than on almost any other subject of geology. Hence it has 
received a great variety of names ; such as diluvium^ drifts bowlder 
formation, erratic block group, fyc. The term diluvium literally im- 
plies that it has been the result of a deluge, and is therefore, objection- 
able. By retaining the term, however, I do not wish to convey to the 
reader any theoretical views whatever ; not even to intimate that water 
has been concerned in the production of diluvium. But as the term 
has long been in use, and is highly euphonical, I am not anxious to 
change it until the true theory of this formation shall be established. 
For ^ough the term drift appear at present to be preferable, it may be 
discovered that even this is objectionable. 

Descr. The great mass of diluvium is composed of sand 
and gravel of different degrees of comminution, mixed together 
just in the manner that violent currents of water would do 
it. This gravel is often not derived from the rocks beneath it, 
but from those at a distance of several miles, and in this coun- 
try usually from ledges which lie in a north-westerly direction. 
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The 8ur£aice of this gravel is often scooped out into deep basin- 
shaped depressions, and raised into corresponding elevations, 
the difference of level being sometimes 20 or 30 and even 
100 or 200 feet. 

Descr, Scattered through this gravel, are rounded masses 
of rock larger than pebbles, which are called bowlders : and 
as they are frequently found a great distance from the place of 
their origin, they are also denominated erratic blocks^ and lost 
rocks. Oftentimes alluvial agency has removed the sand and 
gravel from these bowlders, so that they lie insulated upon the 
surface. 

Def. When they happen to be thus insulated upon other 
rocks, and so poised that a small force will make them oscillate, 
they are called Rocking Stones. 

Fig. 32, exhibits a rocking stone in the west part of Barre, Mass. 

Fig. 32. 




Roek'mg Stone t Barre, 

Fig. 33, shows a rocking stone in Fall River, Mass., poised upon granite, 
Fi^. 33. 




RoekMg StoMi FaU River. 
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Descr, On many plains through which no existing stream 
now passes, and lying over the diluvial gravel above described, 
we find thick beds of sand and clay, deposited in a much more 
quiet manner than common diluvium, and yet apparently near 
the close of the same period. The usual order of the series 
is, first and lowest, the coarse materials, then clay, then sand. 
Traite Elementaire Geologky parMRozet. p 256. Tame 1. 

DescT' Sometimes the diluvial sand and gravel that have 
been described, are consolidated into sandstone and conglome- 
rate, by the infiltration of iron or carbonate of lime : as in Pow- 
nal, Vermont. Report on the Geology of Massachusetts^ Vol 2, 
p. 354. Also Tableau des Terrains^ p. 66. 

Descr, Many of the most valuable of the precious stones 
and metals are found in diluvium; such as the diamond, the 
sapphire, the topaz, the ruby, and the zircon ; as well as plati- 
num, gold, and tin. Platinum, gold, and the diamond are ex* 
plored almost exclusively in this formation. Tableaux des Tet" 
rains J p. 115. 

3. TERTIARY STRATA. 

{Supercretaceous Cfroup of De la Beche.) 

Historical Remark. Until the publication by Cuvier and Brongniart 
of their memoir on the tertiary strata around the city of Paris, in 1810, 
these formations were confounded with alluvium. Since that period, 
other similar deposits have been studied with diligeuce and success ; 
and it is found that tertiary strata occupy more than half the surface of 
Europe ; and in this country they embrace nearly all the level region 
in the eastern part of the middle and southern states. 

Descr, The tertiary rocks have been divided into four dis- 
tinct groups of marine strata, distinguished by important pecu- 
liarities in their organic remains, and separated from one anoth- 
er, by strata which contain fresh water and terrestrial remains. 
Buckland^s Bridgewater Treatise^ Vol. l.p. 76. 

Rem. Marine strata are easily distinguished from those of fresh water 
origin, by the occurrence in the former of animals peculiar to the ocean, 
and in the latter, of those peculiar to fresh water. 

Descr. Mr. Lyell has divided these strata into four groups, to 
which he gives the names Eocene^ Miocene , and Older and 
Newer Pliocene. In the first, the number of shells identical 
with living species is very small, only 3.5 per cent. In the 
second group, reckoning upwards, it is 17 per cent : in the Old- 
er Pliocene, 35 to 50 per cent, and in the Newer Pliocene, 90 
to 95 per cent. And by this character are the groups distin- 
guished. LyelPs Elements of Geology^ p. 2S4. Other geolo- 
gists object to these characters as too indefinite. De la Beche*8 
Theoretical Geology^ Chap. XVII. Phillips^ s Ed. Treatise on 
Geology y p. 180. 
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Descr* The tertiary rocks are in general distinctly stratified, 
and the strata are usually horizontal. In some cases, however,' 
(as in the Isle of Wight and at Gay Head,) they are inclined 
at a large angle. 

Prin. All the stratified rocks appear to have been originally 
deposited from water. 

Proof. The manner in which the ingredients of these rocks are ar- 
ranged, viz. in parallel strata and laminae, is precisely like that of the 
subaqueous deposits which are now forming in many localities, so that 
these latter need only to be hardened into stone, (when they are not al- 
ready consolidated,) and in some cases rendered more crystalline, in 
order to be converted into the former. And by no other agent that we 
know of, by which rocks are formed, is a stratified and schistose ar- 
rangement produced. Again, the materials composing these stratified 
roc^s, viz. clay, sand, and carbonate of lime, are very similar to those 
deposits which water is now producing. And further, the organic re- 
mains which many of these rocks contain, can be accounted for only 
on the supposition that the rocks enveloping them were deposited from 
water. 

Descr. Rocks are deposited by water in two modes : first, as 
mere sediment, by its mechanical agency, in connection with 
gravity : secondly, as chemical precipitates from solution. 

Def. The first kind of rocks is called mechardcal or sedimenta* 
ry rocks ; the second kind, chemical deposits. 

JJescr, As a general fact, the lower we descend , into the rock 
series, we meet with less and less of a mechanical and more 
and more of a chemical agency in their production. The pri- 
mary stratified rocks have generally been regarded as destitute 
of every mark of a mechanical origin except their parallel ar- 
rangement ; but in fact, the greater part of them are made up 
of the fragments of crystals more or less worn and cemented 
together. 

Remark. I possess specimens of mica slate, talcose slate, and quartz 
rock, from various parts of New England, which are made up of frag- 
ments as distinctly rounded by attrition, as those of any fossiliferous 
conglomerate : and these pebbles are cemented by similar materials in 
a finer state. Most of these specimens are associated with highly in 
clined strata of the oldest primary rocks in New England. They are 
good examples of what are called Metamorphic Rocks. Phillips's Geo* 
logy, p. 75. 

DescT. In the fossiliferous rocks we sometimes find an alter- 
nation of mechanical and chemical deposits : but for the most 
part, these rocks exhibit evidence of both modes of deposit, 
acting simultaneously. 

Rem. It is difficult to conceive how any rock can be consolidated 
without more or less of chemical agency, except perhaps in that im- 
perfect consolidation which takes place in argillaceous mixtures by 
mere dessication. Even in the coarsest conglomerate there must be 
more or less of chemical union between the cement and the pe^les. 
VescT. In the tertiary rocks a mechanical agency decidedly 
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pfredominates : nevertheless, several beds are the result of 
chemical precipitation ; as gypsum, limestone, and rock salt. 

Descr, The varieties of rocks composing the tertiary strata 
are concretionary, tufaceous, argillaceous, and siliceous ; or 
limestone, marl, plaslic clay, siliceous and calcareous sands, 
green sand, gypsum, lignite, rock salt, and buhrstone. 

4. SECONDARY ROCKS. 

Def, Under Secondary Rocks ^ I include all the fossiliferous 
strata below the the Tertiary : that is, 1 embrace under Second- 
ary all those denominated by many writers Secondary and 
Transition. The entire want of agreement among geoiogists as 
to the upper limit of the Transition Class, proves to my mind 
that there is no mark in nature for fixing that limit. Some com- 
mence the Transition rocks with the coal Formation : Others 
with the Carboniferous Limestone : others w\th the Old Red 
Sandstone : and others with the Gray wacke. 

1. Cretaceous System* 

Descr. In Europe this formation is usually characterised by 
the presence of chalk in the upper part, and sands and sand- 
stones in the lower. In this country, chalk is wanting : yet 
it seems to be well established that the Ferruginous Sand For- 
mation is the equivalent of the chalk formation of Europe. Dr* 
Morton in Journal of Academy of Natural Sciences^ Vol, VL 
Also American Journal of Scienccy Vol X F//, p. 274. and 
XVIIL p. 243. and XXI F, p. 128. 

Dtscr, The Cretaceous system is thus arranged by Dr. 
Fitton : 

C Upper, 

Chalk. 2 Lower, 

( Marly, 

C Upper Green Sand, 
Green Sand. < Gault, 

C Lower Green Sand, 
r Weald Clay, 
Wealden. ^ Hastings Sand, 
^ Purbeck Strata. 
Observations on some of the Strata between the Chalk and Oxford Oolits 
in the South East of England, By W. H. Fitton. p. 105. London, 1836. 

Descr, Chalk is a pulverulent carbonate of lime, and its va- 
rieties have resulted from the impurities that were deposited with 
it. The upper beds are remarkable for the great quantity of 
flints dispersed through them, generally in parallel position. 
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Deter, €rf^en Sftnd is a mixttHre of srenaeeous matter, wiik 
a peculiar green substance greatly resembling chlorite, or greea 
earth. 

Composition, The coloring matter of ^reen sand hai been analyzed 
with much care by seyeraT distinguished chemists with the following 
results. 



French Green Sand. Engligk Do. Massachusetts Do. 


JV. Jersey^ Do. 




By M. By Prof, By Dr. S. 
Berthier. Turner. L. Dana. 


By Prof. H. 




D. Rogers.* 


Silica, 


50.0 48.5 56.700 


49.27 


Protoxide of Iron, 21.0 22.0 20.100 


24.67 


Alumina, 


7.0 17.0 13.320 


7.71 


Water, 


11.0 7.0 7.000 


5.91 


Potassa, 


10.9 traces 


9.99 


Lime, 


1.624 


5.08 


Magnesia, 


3.8 1.176 




Manganese, 


traces and loss =0.080 





^e Dr. Fitton on the Strata Below the ChaUf, p. 109. .Also Prof. H. D. 
Roger's Report on the Geological Survey of JV. Jersey^ p. 47. et seq. 
Also Final Report on the Geology of Massachusetts, p. 91. 

Use of Green Sand. This suDstance has been applied within a few 
years in this country with great success as a manure, especially in N. 
Jersey. If its fertilizing power depends on the potassa alone, the En- 
glish and Massachusetts deposits would be of no value : but if, as some 
suppose, the oxide of iron and the other ingredients assist in this re- 
spect, it may prove of great importance. 

Descr. Gault or Gait, is a provincial name for a blue marly clay, or 
marl, forming an ii\terstratified bed in the ffreen sand of England. 

Descr. The Weal^den Formation, which has been found in the South- 
east of England, chiefly in the wealds or woods of Sussex and Kent, 
is composed of beds of limestone, conglomerate, sandstone, and clay, 
which abound in the remains of fresh water and terrestrial animals, and 
appear to have been deposited in an estuary that once occupied that 
part of England. Similar beds occur in Scotland and in a few places 
on the European Continent. 

Rem. Some of the most remarkable facts in fossil geology have 
been derived from this formation, which will be found described in t)r. 
ManteM's Illustrations of the Geology of Sussex, i^e. And in his Geology 
of the South East of England : Also in Dr. Fitton' s Observations on the 
Strata below the Chalk ; and in Dr. ManteWs Wonders of Geology, 2 Vols. 
1838. 

2. Oolitic Sysiem. 

Descr, In many of the rocks of this series, small calcare* 
ous globules are imbedded, which resemble the roe of a fish, 
and hence such a rock is called Roestone or Oolite. But this 
structure extends through only a small part of this formation,, 
and it occurs also in other rocks. 

De$cr. The Oolitic series consists of interstratified layers 
of clay, sandstone, marl, and limestone. The upper portion, 

* Tlie mean of eight aaalysss. 
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or that which is Oolite proper, is divided into three systems or 
groups, called the Upper, Middlei and Lower, separated by day 
or marl deposits. 

Rem. Prof. Phillips includes the Wealden Formation in the Oolitic 
System. Phillips's Treatise on Geology^ p. 132. 

Descr. The lowest member of the oolitic group is called 
LiaSy and consists essentially of argillaceous limestone. 

Rem. The oolitic group is remarkable for the vast amount of cal- 
careous matter which it contains, and for the great number and variety 
of its organic remains. 

3. SaUferoui System. 

Dt$cr. This group is composed of rocks which have some- 
times a slaty, and sometimes a conglomerate structure, with 
fine saadstones, interstratified with one another in endless vari- 
ety. In composition, the rock is siliceous, argillaceous, or 
calcareous ; and often highly charged with red oxide of iron. 
The varieties in the color and appearance of these rocks are ex- 
ceedingly numerous, and usually they exhibit a variegated 
aspect. 

Descr, In Europe writers enumerate five varieties of this 
rock. 1. Variegated Marl, composed of indurated clays of va- 
rious colors, among which red predominates : sometimes the 
clay is black, sometimes** bluish gray ; and gray sandstone and 
yellowish magnesian limestone are interstratified ; the whole 
forming the highest member of the series. 2. Muschelkalk^ a 
gray compact limestone, occasionally doloniitic, ly^ng beneath the 
marls and not yet detected except on the continent of Europe. 
3. Red or Variegated Sandstone. Its varieties of color are red, 
blue, and green. Its composition is chiefly siliceous and ar- 
gillaceous, with occasional beds of gypsum, and rock salt. 
(New Red Sandstone, English Writers. Ch-es Bigarre, 
French. Bunter Sandstein Ger.) 4. Zechstein. This consists 
of diflTerent varieties of limestone ; among which is the fetid 
limestone, friable marl, and copper slate. 6. New Red Con- 
glomerate : Exeter Red Conglomerate* A series of conglomerates 
and sandstones lying beneath zechstein, and above the coal 
measures: the fragments having been derived from the latter. 
{Todtliegendes, Rothe Todte Liegends Ger.) 

Rem. Some of these varieties, as the Muschelkalk and Zechstein, 
are frequently wanting in this formation. 

4. Carboniferous System. 
Descr, This group embraced three extensive deposits, 
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festin^ upon one another in the following order; beginning 
with the uppermost. 1. Coal Measures- These consist of 
irregularly interstratified beds of sandstone, shale and coal. 
Frequently these are deposited in basin-shaped cavities; but 
not always. These rocks abound in faults produced by igne- 
ous agency; whereby the continuity of the beds of coal is in- 
terrupted, and the difficulty of exploring for coal increased in 
some respects ; but in other respects facilitated ; so that upon 
the whole, faults are decidedly beneficial. 2. Carboniferous 
lAmestone. A gray compact limestone, traversed by veins of 
calcareous spar, and frequently abounding in organic remains. 
Encrinites are sometimes ^o abundant that the rock is called 
Encrinal Limestone. It, is also called Mountain Limestone^ and 
Metalliferous Limestone^ as in England as well as in North 
America, it abounds in lead ore. 3. Old Red Sandstone, This 
rock is composed mostly of conglomerate, but sometimes it 
becomes fine enough to be schistose : its prevailing color is red, 
and its thickness very variable. 

Rem,. 1. Some writers consider the old red sandstone as properly be- 
longing to the Graywacke Group. (BakewelVs Geology, p. 87. De la 
Beckers Manual, p, 414.) Of late this formation is frequently denominate 
ed the Devonian System, because largely developed in Devonshire. 

Rem. 2. The Coal Measures exist in almost every country of much 
extent, and form one of the most important sources of national wealth 
and happiness. In England not less than 6.000.000 tons of coal are 
yearly raised from the mines of Northumberland and Durham : at 
which rate they will be exhausted m about 250 years. In South 
Wales, however, is a coal field of 1200 square miles, with 23 beds, 
whose total thickness is 95 feet ; and this will supply coal for 2000 years 
more. (BakewelVs Geology, p. 125.^ In Great Britain about 15.000 
jiteam engines are in operation by the use of coal with a power equal 
to that of about 2.000.000 of men. The machinery moved by this pow- 
er has been supposed equivalent to that of between 300.000.000 and 
400.000.000 men by direct labor. Well may Dr, Buckland say, " we 
are almost astounded at the influence of coal and iron and steam upon 
the fate and fortunes of the Human race." Bridgetoater Treatise, Vol. 
l.p. 535. 

Rem. 3. Probably no part of the world contains such immense beds of 
coal as the central parts of the United States. In 1837, not less than 900. 
000 tons of coal were carried to market from the mines in Pennsylvania 
alone : and the working of these mines has as yet only just com- 
menced. The southern anthracite basin of that state is 60 miles long 
and two miles broad, with an aggregate thickness of 100 feet. Indeed, . 
30 out of 54 counties of that state are in whole or in part based . 
upon coal. But no one, who has not visited the state, can form any 
adequate idea of the quantity of the coal existing there. One bed • 
alone, which probably extends through all the anthracite region, varies 
from 22 to 50 feet in thickness ; while the thickest bed in England is 
only 30 feet. Prof. H. D. Roger* s Report on the Geological Exploration 
of the state of Pennsylvania for 1838. p. 84. BakewelVs Geology yp, 106. 
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5. Silurian System, 

Descr, Kb has been stated in the first section, the Silurian 
System, proposed by Mr. Murchison, embraces the upper mem- 
bers of that extensive deposit, which has long been known 
under the name of Gray wacke, and Graywacke Slate or Shale. 
Its composition is arenaceous, argillaceoos, and calcareous; 
showing in all cases evidence of a sedimentary origin ; yet 
having been subjected to a more powerful chemical action than 
the rock above it. The materials are often exceedingly fine ; 
and then we have delicate slates ; yet usually of a dull aspect. 
Sometimes they are very coarse, so as to form conglomerates ;' 
and these two ' varieties are often interstratified. The lime- 
stones bear stronger marks of a chemical than a mechanical 
origin, and are frequently very crystalline. Sometimes they are 
argillaceous, and often slaty, and firequently concretionary. 
They abound in organic remains, as does, in £ftct, the whole 
formation. The slates are sometimes but not extensively divided 
by joints and cleavage planes ; though the original lamination 
. of the beds by deposition is quite obvious. 

. Rem. The subdiTisions of the Silurian System, as proposed by Mr. 
Murchison, may be seen in the Tabular Synopsis of the different sys- 
tems of classification given in the First Section. It might be supposed 
that these would possess only a local interest. But Mr. Conrad, False- 
ontologist of the New York Greological Survey, is of opinion that he 
can not only identify the Silurian System generally with rocks in that 
state, but also the subdivisions ; and he says that the system generally is 
more fully developed in this country than in England. Report of ike JV*. 
York Survey, for 1839. p. 200. For a fliU description of this vast for- 
mation in fSngland, see the magnificent <}uarto of Mr. Murchison, al- 
ready referred to, 

6. Clay Slate and Graywacke System^ (Phillips), Cambrian 
and Cumhriany Group ^ (Sedgwick). 

De$cr. This extensive deposit, of vast thickness in Wales, 
embraces the lower part of the Graywacke Group, and the 
clay slate of other geologists. The whole of it is eminently 
argillaceous: but it varies from the finest clay slate to 
conglomerates, with fragments of quartz, feldspar, mica, 
jasper, &c. half ah inch in diameter. The cement, how- 
ever, is still argillaceous. These conglomerates, espec- 
ially in the upper part of the series, are mterstratified with 
the slates which have been called graywacke slate and clay slate. 
In the north of England, where this system of strata is developed 
on an enormous s<^^, and forms the splendid aoenery of that 
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country, these slates are so dirided by joints and cleavage planes 
that the planes of deposition, or stratification and lamination, are 
very obscure. The lowest part of the system is composed chiefly 
ofclay slate, which sometimes contains chiastolite and hornblende. 
In these lower slates no OTganic remains have been found, and 
only about 30 species in the limestone interstratified with the 
higher members of the series. These are perfectly developed 
zoophytes and molluscs ; but no plants have been found. These 
are the lowest rocks, containing organic remains. Sedgwick in 
Geological TransccthnSj Vol 8. PMllipsh Treatise on Geology, 
Vol. 1. p 124. LyelPs Elements^ p, 464. Also Principles of 
Geology^ Vol 2, p. 452. 

Rem. 1. It is by no means certain that the Cambrian System of rocks 
ought to be separated from the Silurian : for although the organic re- 
mains are quite different in the former, from those in the latter, yet the 
number is quite small. 

Rem. 2. In the Tabular View of the Classification of rocks, I have 
placed the Skiddau or Clay Slate System of Prof. Phillips below the 
line separating the fossiliferous from the non-fossiliferous strata. For 
in general it is certain that organic remains have not been found in clay 
slate, and Prof. Phillips says that " they are not found in the lowest 
group of Skiddau." Treatise on Geology , Vol. 1. p. 128. 

5. PRIMARY ROCKS. 

Rem. As the ifon-fossiliferous or primary rocks have no settled order 
of superposition, different writers will describe them in different n 
orders. I shall give them in the order in which they most usually occur, 
especially in this country. 

1. Clay Slate or Argillaceous Slate. This rock is composed 
of fine argillaceous matter which has a fissile structure, and in 
the most perfect varieties its surface is more or less shining from 
chioritic and plumbaginous matter. Its principal deposit has al- 
ready been described, as a part of the Cambrian System. But it 
occurs frequently interstratified with mica slate and quartz rock ; 
and must, therefore, be regarded as a non-fossiliferous primary 
rock. Yet on the other hand, it also occurs interstrf^tified with 
fossiliferous Graywacke. There seems, therefore, a necessity 
for regarding clay slate as belonging both to the fossiliferous and 
non-fossiliferous strata. The farther we recede from the line 
separating these two classes of rocks, towards the oldest, the 
more highly glazed does the clay slate become, until it passes at 
length insensibly into mica slate, talcose slate, or hornblende 
slate : But receding from that line in the other direction, its 
surface becomes more dull, and its texture looser, until it forms 
what is usually termed shale ; and if we follow it still higher up 
in the series^ it becomes gradually changed into unconsolidated 
clay. 

6* 
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Rem, A variety of clay slate used for whetstones and. hones is called 
Whetstone Slate. Some of the best hones, however, are compact feld- 
spar. The common notion that they are petrified wood, is utterly 
groundless. Graphite Slate or drawing slate, is a variety of clay slate 
that contains several per cent, of carbon. 

2. Quartz Rock. This rock is essentially composed of 
quartz, either granular or arenaceous. The varieties result 
from the intermixture of mica, feldspar, talc, hornblende, or clay 
slate. In these compound varieties the stratification iB re- 
markably regular : but in pure granular quartz, it is often 
difficult to discover the planes of stratification. It is interstrati- 
fied with every one of the primary rocks, and also with gray- 
wacke : in which last case it often assumes a decidedly me- 
chanical structure : and even when a member of the primary 
series, this structure is sometimes visible. MaccuUoch^s Prin- 
ciptes of Geology^' Vol 2. p, 174. Also Geological Classificationj 
p. 317. 

Rem. The arenaceous varieties of this rock form good firestones ; 
that is, stones capable of sustaining powerful heat. Some varieties of 
mica slate are still better. Gneiss of an arenaceous composition is also 
employed ; as are several varieties of sandstone of diflTerent ages. The 
firestone of the English green sand, is a fine siliceous sand cemented by 
limestone. Fitton on the Strata below the chalk, p. J 37. 

3. Hornblende Slate, Hornblende predominates in this rock: 
but its varieties contain feldspar, quartz, and jnica. When it is 
pure hornblende, its stratification is often indistinct, and it passes, 
by taking feldspar into its composition, into a rock resembling 
greenstone. It occurs in every part of the primary series ; but 
its more common associations are argillaceous slate, mica slate 
and gneiss ; into which it passes by insensible p;radations. 

Variety. Dr. Macculloch describes actynolite schist, as distinct firom 
hornblende slate : but as mineralogists now regard the two minerals as 
only one species, it is unnecessary to separate Uie rocks. 

4. Talcose Slate. The talc in this rock, which is the essen- 
tial ingredient, and is sometimes in a pure state, is usually 
mixed with quartz and mica, and sometimes with limestone, 
feldspar, and hornblende It is associated sometimes with ar- 
gillaceous slate, and even graywacke : but usually, at least in 
the United States, with mica slate, and rarely with gneiss. 

Varieties. Chlorite Slate is only a variety of talcose slate, in which 
the talc is almost pulverulent and compact, of a green color, and in much 
larger quantity than the quartz. Steatite is oflen nothing but schistose 
talc, which is adherent enough to be wrought, and at other times it is 
somewhat granular, and slightly indurated. This is the valuable stone 
BO extensively used for furnaces, fire places, aqueducts, 4kc. under the 
name of soipstone or freestone. 

Obs. Most of the beds of steatite in New England, lie at the junction 
of talcose and hornblende and mica slate. 

5. Serpentine. This is usually regarded as a simple mineral, 
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^hich contains about 40 per cent, of magnesia ; and it is in fact 
a hydrated silicate of magnesia. Most European' writers de- 
scribe it among tbe unstratified rocks; and no doubt it does 
frequently occur without any parallel division into strata, and in 
the form of veins But the vast beds of it in the primitive 
regions of New England, are often distinctly stratified ; and I 
therefore foHow Dr. MaccuUoch, who places this rock both 
in the stratified and the unstratified class ; because this arrange- 
ment corresponds best with its characters in Scotland. The 
truth is, serpentine appears usually to be a metamorphic rock : 
that is, a rock which has been subject to so high a degree of 
heat as to change its characters ; and yet not so hiorh as in all 
cases to destroy the marks of stratification which it originally 
possessed. Many of its largest masses in New England are as- 
sociated with talcose slate near its junction with some other 
rock, especially hornblende slate. It is not a rock of much 
comparative extent. 

6. Pnmary Limestone, Limestone that alternates with pri- 
mary strata is called pnmary. Dr. MaccuUoch considers such 
alternation the only decided proof that a limestone is primary. 
{^Principles of Geology^ Vol 2, p. 209.) Others, as De la Beche, 
makes its primary character to depend more upon its crystalline 
state ; and hence assert that it occurs interstratified with 
fossiliferous rocks. (Manual of Geology ^p, 435.) It is generally 
white and crystalline, resembling loaf sugar so much as to be 
called saccharine. But in some situations it is (7ark colored, by 
being penetrated with other rocks, and also nearly compact. 

Rem. When this rook occurs in the unstratified class, and also insom« 
of the older stratified ones, it is oflen nearly or quite destitute of strati- 
fication. (Ex. gr. the limestone beds in syenite in Newbury and Stone- 
ham, and in gneiss at Bolton, Massachusetts : also in hornblende slate in 
Smithficldy R. I : and in granite, in St. Lawrence and £ssex County, 
N. Y.) Hence it has been proposed to put primary limestone into the 
unstratified class. {Prof ,' Emmons* Report on the Geology of the Second 
District of J{cw York, 1838, p. 196.) In many cases, however, it is 
most distinctly stratified : as for instance, in the bed lying between 
strata of gneiss on Cole's Brook, in the west part of Middlefield, in 
Massachusetts. The interesting examples given by Prof. Emmons in 
St. Lawrence County, in his Report above referred to, do indeed prove 
that this rock may exist sometimes in the form of veins in granite. 
But looking at all the facts on the subject, they seem more satisfactorily 
explained by supposing primary limestone a metamorphic rock, like ser- 
pentine, which ma^ therefore be found both stratified and unstratified, 
tlian by regarding it as always unstratified and of igneous origin. 

7. Mica Slate. This is a slaty mixture of mica and quartz, in 
which the former predominates. Garnet and Staurotide are 
often so abundant in it, over extensive tracts, as properly to be 
regarded as constituents : hence the varieties, Gametiferous and 
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SttHHTOtiSiferauB roiea slate. This is one of the most common 
and best characterized of the priniary rocks. 

8. Gneiss, The essential ingredients in this rock are quartz, 
felspar, and mica. Hornblende is occasionally present : These 
ingredients are arranged more or less in laminae^ and the rock is 
stratified. Where it passes into granite, however, (which Is 
composed of the same ingredients) the stratification, as well as 
the laminar arrangement, become exceedingly obscure ; and it 
is impossible to draw a definite line between the two rocks. 
Gneiss, as well as mica slate, is remarkable in some places for 
tortuosities and irregularities exhibited by the strata and lami- 
nse : while in other places these same rocks are equally distin- 
guished for the regularity and evenness of the stratification, by 
which they are rendered excellent materials for economical 
purposes. 

Varieties. Gneiss sometimes contains crystals of feldspar, which give it- 
a spotted appearance ; and this is called porphyritic gneiss. When talc 
takes the place of mica, the rock is called Protogine. 

Rem. Gneiss is a rock of great extent in the United States : es- 
pecially in New England. 

Eurite or compact felspar. Dr. Macculloch describes a stratified rock 
associated with gneiss in Scotland, composed chiefly of compact felspar. 
De la Beche regards this as Eurite, although most writers consider Eurite 
as a member of the unstratified class. 

Prin. If all the stratified rocks have been deposited from 
water, as we have seen, the layers must have been originally 
nearly horizontal. 

Proof. Deposits now taking place rarely have an inclination greater 
than 10® over any considerable extent of surface ; though in some favor- 
able circumstances, as when sand accumulates outward on a steep shore, 
the strata may be inclined as much as 40''. LyelVs Prin^ Geol. Vol. 2. p. 
310. ^ut a little care will enable any one to distinguish such cases from 
the effects of subsequent elevation ; and it still remains true, as a general 
fact, that deposits now forming have only a slight inclination. 

Inf. Hence if we get the perpendicular thickness of a series 
of strata we ascertain the character of the crust of the globe 
to that depth. 

Explanation. If we measure the breadth of a series of upturned strata, 
on a line at right angles to their strike, and ascertain their dip, we have 
given the hypothenuse and angles of a right angled triangle to find the 
perpendicular, which is the thickness of the strata. If the strata are 
perpendicular, a horizontal line across their edges gives their thickness. 

Facts. By measurements and calculations of this sort, it has 
been ascertained that the total thickness of the fossiliferous 
strata in Europe, is not less than, 27 miles. (See Tabular 
}^ tew in Section 1. Dr. Smithes Classification) In Pennsyl- 
fossiliferous rocks beneath the top of the coal measures, are 
40,000 feet, or more than 7.5 miles, in thickness. Prof. Rogers'* s 
I^rtonthe Geology o/Pemsyhania/or 1838,/). 8;;^. 
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Prcp» In the p<Hitiisuk of Tamis, Pallms describes a contb- 

ued series of primary strata, inclined 45**, over a distance of 86 
miles ; which would give a perpendicular thickness of more than 
68 miles. LyeWs Geology^ Vol Lp. 457. In New England, as 
for instance, on the Rail Road between Westfield and Pittsfield^ 
we have strata of primary rocks, for the most part nearly per- 
pendicular, not less than 20 miles in thickness. 

Rem. 1. It ought to be recollected, that the primary strata have been 
•ubjected to far more numerous disturbances than the secondary and 
tertiary ; and, therefore, all such measurements as the above, are liable 
to give results not a little erroneous ; since the strata may be so shifted 
as to be measured twice. In the example last quoted there may exist, 
as shown on page 37, one or more folded axis. Such Sections, how- 
ever, as those mentioned above, indicate, afler all allowances are 
made, a great perpendicular thickness. 

Rem.2. Dr. Buckland estimates the total thickness of all the stratified 
rocks in Europe to be at least ten miles. BridgwtUer TredtUe^ Vol. 
1 . /». 37. But according to Dr. Smith it must be tar greater, as shown 
on page. 42. 

Inf. We see from these statements how groundless is the 
opinion, that geologists are able to ascertain the structure of 
the earth only to the depth that excavations have been made, 
which is less than a mile ; especially, when we recollect, that 
the unstratified rocks are uniformly found beneath the stratified ; 
and since their igneous origin is now generally admitted, it can 
hardly be doubted that tbtjy comp frpifl yery grp^t depths \ so 
that probably the essential composition pf the globe is kngwa 
almost to its centre. 



SECTION IV, 

L1TH0L06ICAL CHARACTERS AND RELATIVE AGE OF THE UNSTRATI- 
FIED ROCKS. 

Pfin. The differences among the unstratified rocks, result 
from two causes : 1. A difference in chemical composition : 2. 
The diversity of circumstances under which they were produced. 

Descr, All the varieties of those rocks pass into one another 
by insensible gradations, even in the same mountain mass ; giv- 
ing rise to endless varieties, which cannot be described minutely 
in a treatise like the present. 

Deeer, The two predominant and characteristic minerals in 
the unstratified rocks, are felspar and augite, or hornblende. 

Rem. The recent researches of Rose and Mitscherlich, render it 
probable that augite and hornblende are only varieties of the same min* 
era! species, which acquire their different crys^line forms and other 
characteristic differences, in consequence of a difference in the rate of 
cooling from a state of fusion : — the former crystalizing rapidly, and the ' 
latter slowly. Rose fused hornblende, and found that on cooling it took 
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the fbnn of augite. LadVs Elements of Gttlogy^ p. 148. PkUUps*s 
Treatise on Geology ^ Vol. 2. p. 64. 

Descr. The following arrangement of the unstratified rocks, 
founded upon the relative quantity of felspar and augite or 
hornblende^ which they contain, has been suggested by Prof. 
Phillips : ( Treatise on Geology^ Vol. 2. p. 57, J and is liable 
only to the objection, that we have not a knowledge of the 
composition of the older rocks sufficiently perfect, to make it , 
certain that they are all put into the right place in the classifi- 
cation. 

Division 1. Felspathic^ 

Felspar alone, or but slightly mixed with augite, hornblende, 
hypersthene, diallage, &c. 

Ancient* Modem. 

Granite and most Porphyries. Trachyte. 

Division 2. 

Felspar in nearly equal proportions with augite, hornblende, 
hypersthene, &c. 

Ancient. Modem. 

Syenite and Greenstone. Grayslones of Scrope. 

Division 3. 

Augite, hornblende, hypersthene, or diallage, predoniinates 
over felspar (or olivine). 

Ancient. Modern. 

Basaltic Series of most authors. Basaltic Series of Scrope. 

Descr. On the same principles, that is. minerological con- 
stitution, Mr. Scrope has divided the proaucts of extinct and 
active volcanos into three kinds: 1 Trachyte^ which is fel- 
spathic : 2 Graystone^ or a mixture of felspar and iron : 3 
Basalt J which is augitic Girardin (Considerations General Sur 
les. VolcanSj p, 13,) divides these products into the Trachytic 
Formations y (terrain,) The Basaltic Formationy and the Lava 
Formation. 

Def. The melted matter that is ejected from a volcano, or 
remains within it, is called lava. Hence it is not improper to 
apply the term to any rock that is proved to have been in a melt- 
ed state. But it is usual to confine it to the more modern un- 
s ratified rocks, such as have been ejected from a crater. 

i2«m.The igneous origin of of all the unstratified rocks is now so gen- 
erally admitted, that we may take it for granted : and make it the basis 
of classification. The proof, however, will be presented in a subsequent 
Sec on. 

Descr. Lava cooled rapidly, and not under pressure, fonns 
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glass, or scoria : but cooled slowly, and under pressure, it be- 
comes crystalline. Now the older unstratified rocks, such as 
granite, syenite, porphyry, and greenstone, are more or less 
crystalline : whereas basalt, trachyte, and other products of ex- 
isting yolcanos, are compact or cellular. Nor have we any but 
presumptive proof, that the former class are now produced by 
igneous action. Hence it is inferred, that they were cooled un- 
der a vast pressure of the ocean and its subjacent beds : and 
hence they are called Plutonic Rocks : whereas the latter are 
denominated Volcanic Rocks. Phillips^s Treatise on Geology^ 
Vol 2, p, 62. LyelPs Elements of Geology, p. 14. 

Obs. The most important of the unstratified rocks will now be de- 
scribed in an order as nearly chronological (beginning with the oldest) 
as the present state of our knowledge will admit. 

1. Granite* 

Descr. The essential ingredients of this rock are quartz, 
-felspar, and mica. Its prevailing colors are white and flesh- 
colored. In some cases the materials are very coarse, the crys- 
talline fragments being a foot or more in diameter. In other ca- 
ses, they are so fine as to be scarcely visible to the naked eye : 
and between these extremes, there exists an almost infinite va- 
riety. The fine grained varieties are best for economical uses : 
but the coarser varieties abound most in interesting simple min- 
erals. 

Varieties. Graphic Granite is composed of quartz and feldspar, in 
which the former has an arrangement which makes the surface of the 
rock exhibit the appearance of letters, as in Fig. 33. When granite 
contains distinct crystals of felspar, it is cnXledipoiphyritic. When the 
ingredients are blended into a finely granular mass, with imbedded 
crystals of quartz and mica, it has been called by the French writers, 
Eurite. Pegmatite is a granular mixture of quartz and feldspar. 

2. Syenite* 

Def. Syenite is composed essentially of felspar, quartz, and 
hornblende, the first predominating. When mica is also present, 
the compound is frequently denominated Syenitic granite. Traite 
Elementaire de Geologie^ Par M. Rozet, Tome 1 . p. 482. 

Obs. 1. A great deal of confusion and diversity of opinion has ex- 
isted in respect to the nature and position of syenite. Macculloch makes 
it to consist of felspar (compact or common) hornblende and quartz ; 
and iie limits it to the overlying or trap family, and considers the ana- 
logous compounds associated with granite, as merely varieties of the lat- 
ter. In N. England, such a distinction would be verv difficult, since 
the same continuous formation of syenite, is sometimes connected, on 
the one hand, with granite, and on the other with porphyry and green- 
stone. Macculloch' 8 Classification of rocks ^ p. 512. 
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Ohs. 2. When it was ascertained that the famous rock from Syene 
in Upper Egypt (so much employed in ancient monuments,) from which 
the name of syenite was derived, was nothing but granite with black 
mica, and also that Mount Sinai in Arabia was composed of genuine 
sienite, a French Geologist proposed to substitute Sinaite for syenite : — 
but the suggestion, which was certainly a good one, has not beea 
adopted. 

Obs. 3. Most of the syenite so famous in N. England tor architectural 
purposes, as that from Quincy and Cape Ann, is composed of felspar, 
quartz and hornblende, the latter frequently disappearing. 
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3. Porphyry. 

Def. Rocks with a homogeneous, compact, or earthy hase, 
through which are disseminated crystalline masses of some oth* 
er mineral of contemporaneous origin with the base, are denom- 
inated porphyry* True classical porphyry, such as was most 
commonly employed by the ancients, has a base of compact 
felspar, with imbedded crystals of feldspar. When the base is 
greenstone, pitchstone, trachyte, or basalt, the poryhyry is said 
to be greenstone porphyry, pitchstone porphyry, trachytic por- 
phyry, and basaltic porphyry. The base is sometimes clinkstone, 
or claystone, and the imbedded crystals may be feldspar, augite, 
olivine, &c. 

Jw/1 Hence the term porphyry designates only a certain form 
of rock, but does not refer to any particular kind of rock. 
When porphyry is spoken of in general terms however, fels- 
par is usually meant. 

Obs. The name porphyry signifies purple {7toq<pvqa) ; such 
haying been the most usual color of the ancient porphyries : 
but tUs rock exhibits almost every variety of color, ft is the 
hardest of all thb rocks ; and when polished, is probably the 
most enduring. 

Descr. Claysione is an earthy compact stone of a purplish 
color, appearing like indurated clay. Compact Felspar^ some- 
times called Petrosilex^ is a hard compact stone of various co- 
lors ; fusible before the common blow pipe, and often translu- 
cent on the edges, like hornstone. Its predominant ingredient 
appears to be felspar, ( Clinkstone j or Phonolite ;) or fissile Pe- 
trosileXy a greenish or greyish rock, dividing into slabs or co- 
lumns, ringing under the hammer, and apparently a variety of 
compact felspar. Hornstone is a compact mineral, often trans- 
lucent like a horn : of various colors : in hardness and fracture 
approaching flint : infusible before the blow pipe ; and hence 
composed chiefly of silica. Comean is between hornstone and com- 
pact felspar, compact and homogeneous ; supposed to consist of 
felspar, quartz, and hornblende. All these substances form the 
basis of porphyry ; and hence we have Clinkstohe Porphyry, 
Hornstone Porphyry, Claystone Porphyry, &c. When black 
augite forms the base of porphyry, it is called Melaphyre* 

4. Greenstone* 

Descr. Several unstratified rocks, whose principal ingredients 
are felspar and hornblende or augite, are called Trap Rocks : 
firom the Swedish word Trappay a stair : because they are often 
7 
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arranged in the form of staiin or st^pa. Although the term 
trap IS loosely applied, most writers limit it to the varieties of 
rock called menstone, syenitic greenstone, hasalt, compact 
felspar, clinkstone, pitchstone, wacke, amygdaloid, angite 
rock, hypersthene rock, trap-porphyry, pitchstone porphyry, and 
tnfist. Maccnlloch includes claystone and syenite. System of 
Chohgyy VoL 2. p. 80. 

Descr. Qreenstone is ordbarily composed of homhlendd 
and felspar, hoth cotnpact and common, the former in the 
greatest qpantity. 

Dtscr. The term Ddlerke has b«en used by the gedhgiMM of continen* 
tal Europe, M ^qmiyaleiit to Greenstone. But according to Kese^ 
dolerite consists of black augite and Labrador felspar : to whick Leon* 
hard adds iron. JHorite is another name for a variety of greenstone, which 
Rose says is composed of albite and hornblende m grains. — But albite, 
and hornblende are sometimes called Andesite, — Dr. Macculloch calltii 
tiMM varieties of ^eenstone which have a green «olor, Augite R^ck ; 
because augite is the predominant ingredient ; bat the Augite Rock of 
Leonhard is almost wholly augite. When Hypersthene takes the piace 
of hornblende, he calls the compound Hypersthene Rock, System of Ge- 
dlo0, Vol. 2» p. 108, 110. When Greenstone is composed almost en- 
tirely of hornblende, the rock is denominated Hornblende Roek. When 
the grains of felspar and hornblende are quite coarse, it k) called Syenite 
ie Greenstone, which often takes quartz into its composition, and pai^s 
into granite. — All the above rocks are frequently porphyritic ; and hence 
we have augitic or pyroxenic porphyry, dioritic porphyry, &c. 

6w Ihzchyte, 

Dtsur* Trachyte is of a whitish or grayish color, tisaally 
porphyritic by felspar crystals, and essentially composed of 
glassy felspar, with some hornblende, mica, titaniferous iron^ 
and sometimes augite. Beudant^s Traile de Mineralogy Tome 
1. p. 566. LyeWs Elements of Geology^ p* 154. Its name 
is derived from the Greek, tqaxvgy raugky from its harshness to 
the touch. It was an abundant product of volcanic action du- 
ring the tertiary period, and usually appears to be older than ba- 
salt, although trachtric laras have continued to be ejected down 
to the present day. Trachyte occurs in Aurergne and Hunga- 
ry, and in vast quantities in South America : but not in the 
United States. It constitutes the loftiest summits of the Cordille- 
ras. Humboldt^ s Geognostical Essuy <M the Svperpos^ion of 
Rocksy p. 423. 

Dcscr. Trachyte in an earthy condition, as it occurs in the Pays 
de Dome, in Auvergne, is called Domite. Trachyte is usually porphy- 
ritic, and hence we have Trachytie Porphyry. 

6. Basalt. 

Descr. This rock appears to be composed of augite, fel- 
spar, and titaniferous iron ; and sometimes olivine in distinct 
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gmoB* Its color is black, bluish, ox grayish ; and its Uxtura 
COQipact smd uniform ;< — ^more so than greenstone. Augite is the 
predominant ingredient. Probably in some cases, homblendQ 
takes the idace of augite : but from the nature oi theae two 
minerals, this «mi be regarded as of little importance. Basalt 
pastas insensibly into all other varieties of trap rocks. IXe fo 
Beckers Manuel of Chohgv, p. 453. LyelPs Element$y p. 153. 

Rem. It is often asked whether basalt occurs in the United States. 
The litholoffical characters of some of our trap rocks can hardly be 
distinguished from those of basalt : yet it is not probable that any of our 
trap rocks are as recent as the basalt of Europe ; and hence our geolo* 
gists usually refer them to greenstone. 

7. Amygdaloid. 

Deicr. This term, like porfi^yry, is not confined to any one 
sort of rock ; but indicates a certain form, which extends 
through all the trap family. Amygdaloid abounds in rounded 
cavities, like the scorie and pumice of modern lavas, and these 
are often filled with calcareous spar, quarta, cjialcedony, zeolites, 
and other minerals, which have taken the shape of the cavity : 
8o that the rock appears as if filled widi almonds, and hence 
the name, from the Latin amygdala^ an almond. These cavi- 
ties, however, have sometimes been lengthened by the flow* 
ing of the matter while melted so that cylinders are found 
several inches Icmg. When they are not filled, the rockii 
■aid to be vesicular. 

Deicr. A soft variety of trap rock resemblix^ indurated 
clay, is called wackcj which may or may not \>e vesicular- 
From its resemblance to the toad probably, it is called ia 
Derbyshire, ToadsiOHeK , 

Rem, The slaty gray wacke in the vicinity of Boston, as at Brighton 
and Hingham, is converted into decided amvgdaloid without losing 
wholly its laminated structure. The s^me is the case with the re« 
sandstone lying beneath the greenstone near Connecticut river. In the 
Utter case, however, the cavities are rarely filled. 

Pri$ntatie, or Columnar Structure. 
Descr, One of the most remarkable characteristics of the 
trap rocks, is their columnar structure. This consists in the oc« 
casional division of their substance into regular prisms, with 
sides varying in number fi?om three to eight, usually five or 
six, whose length is sometimes not less than dOO feet. They . 
are sometimes jointed ; that is, divided crosswise into blocks, 
from one to several feet in length : whose extremities are more 
or less convex or concave, the one fitting into tfie other. Usu- 
ally these columns stand nearly perpendicular, and when worn 
away on the side, they present naked walls which appear like 
the work of art. They stand so closely compacted together, 
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that though perfectly separable, there is no perceptible space 
between them. The thickness of the columns varies from one 
to ^ye feet. 

Rem. 1. The concave extremity is usually uppermost. But at 
Titan's Pier, at the foot of Mount Holyoke, in Hadley, some of the 
eoluxmis are convex at the top. The following sketch, Fig. 34, shows 
their appearance at the Giants Causeway in Ireland. 

Fig. 34. 




Rem. 2. The columnar and trappose forms of basalt and green* 
stone have produced some of the most remarkable scenery on the globe. 
Fingal's Cave in the island of Staffa, (one of the Westetn Islands of 
Scotland,) and the Giant's Causeway in the north of Ireland, are al- 
most too well known to need description. Staffa is composed entirely 
of basalt with a thin soil, and its shores are for the most part a steep 
cliff, 70 feet high, formed of columns. The cave is a chasm 43 feet 
wide and 227 feet long in these columns, formed by the action of the 
waves. The following sketch. Fig. 35, will convey an idea of the situ* 
ation of the cave and of the generu structure of the island. 



Fig. 36. 




Flmg^tCnei Sk^gk, 
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Tig. 36, gives some idea of the appearance of an oyerhanging group 
of greenstone columns at a place on Mount Holyoke in Massachusetts, 
which I have denominated Titan's Piazza. The lower end of the co- 
lumns, several rows of which project over the observer's head, are ex- 
foliated in such a manner as to present a convex surface downwards. 



36. 




TUan^s Piazza .• Mt. Holyoke, 
Dfiser, The Giant's Causeway consists of an irregular group of penta- 
fronal columns, from one to five feet thick, and from 20 to 200 feet high, 
jointed as usual. Where the sea has had access to them, their uppef 
portions are worn away, while the lower part remains .extending an un- 
known distance beneath the waves, and seeming the ruin of some an- 
cient work of art, too mighty for man, and therefore referred to the 
giants. Here also is a cave of considerable extent. Gtological Tran^ 
actions^ VoU 4. New Series, 

7* 
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Rem. 3. When a trap vein, or dyke, b columnar, the columns oflen 
lie horizontal, or rather perpendicular to the sides of the vein : and tl^us 
is produced a wall of stones, regularly fitted to one another and laid up, 
apparently by man : while often a decomposition of the surfaces of the 
blocks, produces a powder resembling disintegrated mortar. A wall of 
this sort was formerly discovered in Rowan County, North Carolina, 
which projected above the rock which it traversed, in consequence of 
the decay of the rock, and it was for a long time confidently believed 
to be a work of human skill, proving the former existence there of a 
powerful and civilized people. Dykes of this description are very com- 
mon in the State of Maine. 

Rem. 4. Greenstone columns standing upright, or leaning only a 
few degrees, are quite common in North America ; and form some of 
our most interesting scenery. The most extensive formation of this 
sort appears to be in the country west of the Rocky Mountains, where 
the Columbia river passes through mountains of trap, (not improbably 
of basalt,) from 400 to 1000 feet high ; and where several successive 
rows of columns are superimposed upon one another, separated by a few 
feet of amygdaloid, conglomerate, or breccia. Parker* s Journal of an 
Evmloring Tour beyond the Rocky Mountains^ p. 208. Ithaca^ 1838. 

The Palisadoes on the banks of Hudson river, are another example of 
greenstone columns. They exist also on Penobscot river; and very 
perfect examples occur on Mount Holyoke and Tom, on Connecticut 
river, an example of which has been given in Fig. 36. 

Prin. The columnar structure of the trap rocks, has resulted 
from a sort of crystallization "while they were cooling under 
pressure from a melted state. 

Proof 1. Precisely similar columns are found in recent lavas. 
( Wanders of Geology ^ Vol 1. p. 248, 250, and Vol 2. p> 640.) 
$. Mr. Gregory Watt melted 700 pounds of basalt and caused 
it to cool slowly ; when' globular masses were formed, which 
enlarged and pressed against one another until regular columns 
were the result. BakewelPs Geology^ p 146. 

8. Serpentine- 

Descr. This rock has been already described in the section on 
the stratified rocks, and the reasons stated for placing it in 
the stratified as well as unstratified class. 

Descr. Diallage Rock^ which is the Euphotide of the French, the 
Gabbro of the Italians, and some Opkiolites of Brongniart, is essentially 
composed of felspar and diallage : but it sometimes contains serpentine, 
mica, and quartz. Diallage and serpentine are very nearly allied. 
Ophite is a green porphyritic rock, with a base of hornblende and fels- 
par, (the former greatly predominating,) and containing crystals of 
hornblende. It passes into serpentine by a mixture with talc. Ophi' 
ealce^ (French), is composed of limestone and serpentine, with talc and 
chlorite. Under this rock is arranged the beautiful verd antique marble^ 
such as occurs in Newbury and Middlefield in Massachusetts, and at 
New Haven and Milford in Connecticut. Brongniarfs Tableau des Ter- 
rain*^ fyc.p. 325. Cipolin is a saccharine limestone which contains mi- 
ca, or tale, as a constituent. This forms several interesting varieties of 
-aoAvble. Rozet*9 Traiie ELementaire de Geologie, p. 181. Tvme V 
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9. Lata* 



Descr, LavB, &s remarked in another place, embraces all the 
melted matter ejected from yolcanos : and the two minerals 
felspar and augite, constitute almost the entire mass of these 
products. When the former predominates, light colored lavas 
are the result : when the latter, the dark varieties. The 
former are called fehpaiMc or trachyticy and the latter, augitic 
or basaltic lavas. 

Rem. 1. Other simple minerals occur in lava. Thus in the pro- 
ducts of Vesuvius alone, not less than 100 species have been detected ; 
but they form so inconsiderable a part of the whole mass, as not to de- 
serve consideration in a general view, like the present. 

Descr. Trackytic lava corresponds in most of its characters 
to the trachyte of the older igneous rocks. When cooled under 
pressure, solid rock results ; but when cooled in the air, it is 
porous, fibrous and, light enough to swim on water, as is the case 
with pumice, large masses of which are found sometimes in the 
midst of the ocean. Sometimes it is porphjritic, like the older 
trachytes. 

Descr* lalike manner the basaltic or augitic lavas exceed* 
ingly resemble the more ancient basalt ; and are in feet the 
same thing, produced under circumstances a little different. 
When cooled under pressure, compact basalt is the result ; but 
cooled in the open air, they are scoriaceous or vesicular, and 
are usually called ScorisB. 

Descr, Graystom Lava is a lead grey or greenish rock, 
intermediate in composition between basaltic and trachytic 
lavas : but the felspar predominates, being more than 75 per 
cent. When albite takes the place of common felspar, the 
lava is denominated Andesiiic, 

JDeser. Vitreous Lava^ has a fracture like glass. Ohridian seems to 
be merely melted glass. Pitckstone is less glassy, with an aspect more 
like pitch. It is usually composed of felspar and augite, and oflen 
passes into basalt. Its composition however varies. 

Descr. The small angular fragments and dust of pumice, 
(which is vesicular trachytic lava,) and of scoriae, (which is 
vesicular basaltic lava,) which are produced by an eruption, 
falling into the sea, or on dry land, and mixing with sand, gra- 
vel, shells, &c. and hardened by the infiltration of carbonate of 
lime or other cement, constitute the substance denominated 
7W. When this rock occurs with trap, it is called TVap Tuff; 
andTwhen with modern lava. Volcanic Tuff, If it contain large 
and angular fragments, it is called Volcanic Breccia* When the 
fragments are much rolled, the rock is a Tufaceous Conglomerate. 
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The basaltic tiiflb are denomiiiated by the Italian geologistSi 
Peperino : A kind of mud is poured out of some volcanic craters, 
which forms what is called Trass. 

Deter. Sometimes, especially at the great volcano of Kaira^iea, on the 
Sandwich Islands, when laya is thrown into the air, the wind spins it 
out into threads, resembling flax, and drives it against the sides of the 
crater. This is called Volcanic Glass ; and by the natives of Sandwich 
Islands, PMs Hair ; Pele hay ins formerly been regarded as the pre- 
siding diyinity of the yolcano of Kairauea. 

Descr. Other substances ejected from volcanos are frag- 
ments of granite and other rocks, scarcely altered ; cinders and 
ashes of various degrees of fineness, which are often converted 
into mud by the water that accompanies them ; also sulphur in 
a pure state ; various salts and acids ; and several gases ; among 
which are the hydrochloric, sulphurous, and gulpburic acids ; 
alum, gypsum, sulphate of iron and magnesia, chloride of sodium 
and potassium, of iron, copperi and cobalt, chlorine, nitrogen, 
sulphuretted hydrogen, &c. &c. 

Descr- The unstratified rocks, as a general &ct, are more 
fusible than the stratified ; and of the unstratified the fusibility 
increases in passing from granite along the scale to modern lava. 
This is owing to the fact that the quantity of lime, and some- 
times of alkali, is greater in the more recent rocks ; for these 
substances act as a flux. 

Relative age of the Rocks, 

Prin. In the stratified rocks the relative age of the different 
groups is determined by their superposition ; the lowest being 
the oldest : but in the unstratified rocks, there is reason to be- 
lieve a reverse order exists : that is, the oldest member of the 
series lies immediately beneath the stratified rocks ; the next 
oldest beneath this ; and so on^ till we reach the lava of existing 
volcanos ; which probably comes from a greater depth in the 
earth than any other unstratified rocks. 

Jllustration. Fig 37, will more clearly illustrate this proposition. 

Prin, The ages of the unstratified compared with those of 
the stratified rocks, are determined by ascertaining how far the 
former have intruded upward among the latter. 

Illustration. If for instance, we neyer find the yeins of a particular 
igneous rock shootinj^ upward higher than the primary rocks, we may 
infer that it is older than the secondary strata, but newer than the pri- 
mary ; because the latter must have existed prior to the intrusion of the 
unstratified rock. And sa, if an igneous rock is intruded only into the 
primary and secondary strata, we may infer that it is older than the ter- 
liary strata, and newer than the secondary ; and so on with the groups 
still higher. Hence the igneous rocks a, a. Fig. 37, formed during the 
deposition of the primary strata, whose veins extend no higher than those 
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8t 



Strata, may be called, (to adopt the phraseology of Mr. Lyell,) the Prt^ 
mary Plutonic : thosi 'during the deposition of the «|<^*>'^djtry strata A b» 
whoL veins do not enter the tertiary series, the Secondary Plutonic : 
JLo^durlng the deposition of the tertiary strata, c, c, the Tertiary Plu^ 
Umic : and lava from active volcanos d, d, the Recent Plutonic, 



Fig. 37. 




8eeiimqfth9 Relativ$ Jig* iff the Uiutratified Roeks. 

Descr. In reality, however, we do not find varieties of un- 
stratified rocks whose veins are thus distinctly confined to ^ach 
of the great classes of rocks, though there is evidence that vol- 
canic agency was active during all the periods of their deposition. 
But the same igneous rock appears to have been ejected at difr 
ferent epochs. Granite, however, seems to have greatly pre- 
dominated during the first or primary period ; and is found only 
occasionally durmg the secondary period ; though in a few in- 
stances (at Weinbohla) syenitic granite has been protruded 
through the chalk, but never among the tertiary strata. Por- 
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Ciyrj appears to hare been most! j confined to the period of the 
test primary, and the elder secondary (transition) rocks. Trap 
rock predominated in the secondary and tertiary periods, while 
Tolcanic rocks, in- the common acceptation of the term, began 
to be protruded during the tertiary period, and continue to the 
present time. 

Rem. It ifl obyious, that with the exception of laya, the abore rule 
for determining the relative age of the stratified and unstratified rocks, 
does not show us when the latter began to be erupted, but only when 
their eruptions ceased. 

Inf. From the phenomena that have been detailed re- 
specting the unstratified rocks, it has been inferred that the 
condition of the earth, both internal and external, must haye 
been different at different epochs ; so as at one period to be 
peculiarly favorable for the production of granite and syenite, 
at another of porphyry, at another of trachyte, at another of ba- 
salt, and finally at another of the lava of extinct and active 
volcanos ; and hence, that the older igneous rocks, (ex. gr. 
granite, syenite, &c.) are no longer produced, except perhaps in 
the deep recesses of the earth. 

Proof 1. The greater abundance of granite and syenite associated with 
the primary than with the newer strata, and of trap and volcanic rocks 
with the higher formations. 2. The almost entire identity between 
the chemical constitution of granite and the primai^ stratified deposits 
indicates some general and common cause for the origin of both : white 
the diSference of ultimate constitution between granite and the newer 
stratified rocks, particularly in the greater quantity of lime in the latter, 
indicates a difference of origin. 3. The ^adual and insensible passaga, 
on an extensive scale, of granite into gneiss, hornblende, slate and mica 
slate, indicates some general cause for their production, and that the 
diversity existing between them, has resulted from slightly modifying 
cir-cumstances : while no such transition of any consequence between 
granite and the newer stratified rocks has ever been discovered. 4. 
Crranite and the trap rocks differ so much in chemical constitution, as to 
show that they must have originated from different masses of matter. 
Thus, granite contains about 20 per cent, more of silica than greenstone ; 
about 3 per cent, less of alumina ; 8 per cent, less of magnesia ; 7 per 
cent, less of lime ; and two per cent, less of oxide of iron. 5. The cor- 
respondence between the chemical composition of the fossiliferous strati- 
fied and the trappean and volcanic rocks ; that is, we find in both classes 
a diminution of silica and an increase of alumina, magnesia, and lime. 
6. Inconsequence of containing much more of silicate of lime, the trap 
rocks are more fusible than the granitic : so if we admit that the internal 
temperature of the earth has diminished, we might expect that the for- 
mer would remain in a melted state after the latter had all been consoli- 
dated. De la Beche*s Theoretical Geology, y. 305. 

Opposite Hypothetis. ^^ Granitic and trap rocks pass into each 
other, and are merely different forms which the same elements 
have assumed according to the different circumstances under 
which they have consolidated from a state of fusion.'* — ^^ The 
great pressure of a superincumbent mass, and exclusion firom 



Digitized by 



Google 



IS GBAKtrS NOW FRODCTCED? 83 

contact with the atmosphere and perfaapd with the ocean, are 
aome of the conditions, which may be necessary to produce the 
granitic texture." " They, (Plutonic rocks) may have been 
produced in nearly equal quantities, during equal periods of time, 
from the earliest to the most modem epochs, instead of dhninish- 
ing in quantity at each successive epoch, as some geologists pre- 
tend." LyeWs Principles of Geology y Vol 2. p. 481, 482, 483. 

Geological Maps and Sections. ' 

Descr. Common or physical maps form the basis of ge- 
ological ones : and when the former are inaccurate, the latter 
must be so too. The chief difference between them is, that on a 
geological map the different rocks found in the region de- 
lineated are shown either by dots, crosses, circles, &c. or more 
usually by colors. The only exception is, that when the nature 
of the subjacent rock can be determined, diluvium is usually 
omitted. 

Descr. Some geological maps designate only the classes of 
rocks : but these are very imperfect, and the best maps show the 
extent of each rock. 

Deser. The dip of the strata, (which of course determines the strike,) 
is sometimes shown upon a geological map. This is usually done hy an 
arrow, which points in the mrection of the inclination. If the strata are 
perpendicular, it may be represented by the lines crossing at right 
angles ; one of which is shorter than the other. If the two lines are 
equal, so as to form a cross they indicate horizontal strata. An anticlinal 
axis is shown by a straight line crossed by an arrow with two hea^Sw 
Where the strata undulate a good deal, the body of the arrow may be 
crooked. De la Beche's Manual of Geology, p. 602. 

Rem. The best geological maps hitherto published in Europe, are 
Oreenough's Map of England, and Wales ; Elie de Beaumont's and 
Dufirenoy's France ; Hoffman's Northwestern Germany ; and Oeyn- 
hausen, La Roche, and Von Dechen's Rhine. In this country, Ma- 
clure's Geological Map of the United States, although it exhibits only the 
great classes of rocks, yet considering the early period at' which it was 
executed, must be regarded as very valuable and a work of immense 
labor. The geological surveys now going on in most of the States, 
have already produced Maps of Massachusetts, Rhode Island, New Jer- 
sey, and Tennessee ; and others are in a state of great forwardness. 

Descr. A Geological Section represents a vertical cut in 
the earth's crust, so as to exhibit to the eye the rocks in their 
natural and relative situation. The most valuable Sections of 
this sort are those copied from cliffii, on the sea coast, or the 
banks of rivers. But usually it is necessary to construct them 
from what we can learn of the rocks and their dip at the sur- 
fece ; presuming that they continue the same to tne depth of 
the Section. Such Sections, therefore, are somewhat ideal: 
but if carefully constructed, we may be sure that we are not far 
from the truth. 



Digitized by 



Google 



84 PALiEONTOLOGT. 

Descr. It is usually necessary to employ two scales io con- 
structing Sections : one for heights, and the other for horizontal 
distances : otherwise the Sections must he of great extent, or the 
heights would he scarcely perceptihle. On the other hand, two 
scales produce distortion : so that great caution is necessary, not 
only in the construction of Sections, hut in drawing inferences 
from them. 



SECTION V. 

PAUEONTOLOGY, OE THE SCIENCE OP ORGANIC REMAINS. 

JDe/*. In all the stratified rocks ahore the primary, more or 
less of the relics or traces of animals and plants occur, some- 
times called petrifactions, hut more commonly, Orgafdc Remains* 

Def. That branch of Geology which gires the history of 
these remains, was formerly denominated Oryciology ; but is 
^ow called Paleontology, 

1. General Characters of Organic Remains. 

Descr. In a few instances, animals hare been preserred entire 
in the more recent rocks. 

Example. About the beginning of the present century the entire car- 
cass of an elephant was found encased in frozen mud and sand in Siberia. 
It was covered with hair and fur, as some elephants now are in the 
Himalayah mountains. The diluvium along the shores of the Northern 
Ocean, abounds with bones of the same kind of animals : but the flesh is 
rarely preserved. Cuvier's Essay on the Theory of the Earthy p. 253, JVcio 
York^ 1818. De la Beche's Manual of Oeology, p. 200. In 1771, the 
entire carcass of a rhinoceros was dug out of the frozen gravel of the 
same country. BakewdVs Geology^ p. 331. 

Decrip, Frequently the harder parts of the animal are preserv- 
ed in the soil or solid rock, scarcely altered. 

Rem. Many well authenticated instances are on record, in which 
toads, snakes, and lizards, have been found alive in the solid parts of 
living trees, and in solid rocks, as well as in gravel, deep beneath the 
surface. But in these instances the animals undoubtedly crept into such 
places while young, and after being grown, could not get out. Being 
very tenacious of life, and probably obtaining some nourishment occa- 
sionally by seizing upon insects that might crawl into their nidus, they 
might sometimes continue alive even many years. But such examples 
cannot come under the denomination of organic remains. See an inter- 
esting paper on this subject by Dr. Buckland, in the American Journal 
of Science, Vol. 23. p. 272. 

Descr. Sometimes the harder parts of the animal are par- 
tially impregnated with mineral matter ; yet the animal matter 
is still obvious to inspection. 

Descr. More frequently, especially in the older secondary 
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rocks, the animal or vegetable matter appears to be almost 
entirely replaced by mineral matter, so as to form a genuine 
petrifaction. 

Rem. Probably in every case, however, a chemical process would show 
the presence of considerable organic matter. Parkison's Orgamic He- 
mains of a Former World, Vol. 2. p. 284. 

Descr, Sometimes after the rock had become hardened, the 
animal or plant decayed and escaped through the, pores of the 
stone, so as to leave nothing but a perfect mould. 

Descr, After this mould had been formed, foreign matter 
has sometimes been infiltrated through the pores of the rock, so as 
to form a cast of the animal or plant when the rock is broken 
open. Or the cast might have been formed before the decay 
of the animal or plant* 

Descr. Frequently the animal or plant, especially the latter, 
is so flattened down that a mere film of mineral matter alone 
remains to mark out its form. 

Descr, All that remains of an animal sometimes is its track 
impressed upon the rock. 

Descr The mineralizer is most frequently carbonate of lime ; 
frequently silica, or clay, or oxide, or sulphuret of iron, and 
sometimes the ores of copper, lead, Sue. 

2. Nature and Process of Petrifaction* 

Def Petrifaction consists in the substitution, more or less 
complete, by chemical means, of mineral for animal or vegeta- 
ble matter. De la Beckers Theoretical Oeologyy Chapter. 13. 

Descr. The process of petrifaction goes on at the present 
day to s<Hne extent, whenever an animal or vegetable substance 
is buried for a long time in a deposit containing a soluble mine-? 
ral substance that may become a mineralizer. 

Exam, 1. Clay containing sulph9,te of iron,, will, in 9, few years, 
or even months, produce a very perceptible change towards petrifaction 
in a bone buried in it. BakewelVs Geology, p. 19. Some springs 
also, hold iron in solution ; and vegetable matters are in the process of 
time thoroughly changed into oxide of iron. This is seen often where 
bog iron ore is yearly depositing. 

£x. 2. M. Goppert placed fern leaves carefully in clay, and exposed 
the clay for some time to a red heat, when the leaves were made to 
resemble petrified plants found in the rocks. Wonders of Geology, Vol, 
2. p. 561. 

Hypothetical Example. 3. M. Patrin and Brongniart suggest that the 
petrifying process may sometimes be effected " suddenly By the combi- 
nation of gaseous fluids with the principles of Orgamc Structures." 
Wonders 0/ Geology, Vol. 2. p. 559. Some facts render this probable. 
For stems of a soft and succulent nature are preserved in flint ; and the 
young leaves of a palm tree in a state just about to shoot forth, havQ 
been found completely silicified. LyeWs Elements of Geolgy, p. 89, 
8 
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3. Means of determining the Nature of Orgtmic Remains* 

Prin. The first requisite for determining the character of 
organic remains, is an accurate and extensive knowledge of 
zoology and botany. This will enable the observer to ascertain 
■whether the species found in the rucks are identical with those 
now living on the globe. 

Prin. The second important requisite is a knowledge of Com- 
parative Anatomy : a science which compares the anatomy of 
different animals and the parts of the same animals. 

Rem. 1. This recent science reveals to us the astonishing fact, 
that so mathematically exact is the proportion between the different 
parts of an animal, " that from the character of a single limb, and even 
of a single tooth, or bone, the form and proportion of the otlier bones, 
and the condition of the entire animal may be inferred." — " Hence, not 
only the frame work of the fossil skeleton of an extinct animal, but al- 
so the character of the muscles, by which each bone was jioved, the 
external form and figure of the body, the food, and habits and haunts, 
and mode of life of creatures that ceased to exist before the creation of 
the human race, can with a high degree of pi:obability be ascertained." 
^cJfland's Bridgewater Treatise^ Fo/. I.p.l09. See also Cuviers Osst" 
piens FossileSj Tome, 1. p. 47. Troisieme Edition. 

Rem. 2. It is clear from the preceeding statement, that no indi- 
vidual can hope to possess in himself all the requisites for successfully 
determining organic remains. For the field is too large fc* any one to 
hope to become familiar with all its parts. Hence, at this day, it is cus- 
tomary for the geologist to resort for aid to the botanist, the zoologist, 
apd the comparative anatomist. 

4. Classification of Organic Remains- 

Prin- Organic remains may be divided, according^ ta their 
origin, into three classes: 1. Marine. 2. Freshwater. 3, 
Terrestrial. 

Rem.l. The last class appear in most instanceff where they oc- 
cur to have been swept down by streams from their original situation 
into estuaries ; where they were mixed with marine reTics-. Some- 
times, perhaps, they were quietly submerged by the subsidence of 
the land^,- 

Rem. 2. The following table will show the origin of the remsins in 
the different groups of fossilifferous rocks. 

Cambrian and Silurian Systems > Marine. 

(Graywacke.) > Rarely Terrestrial. 

Old Red Sandstone. Marine. 

Carboniferous Limestone. ^^' 

Coal Measures. Terrestrial Estuary Deposits 

and submerged land. Rarely, perhaps fresh water deposits. 

I^ew Red Sandstone Group. Marine. 

Oolitic Group. Mostly Marine 

but in a few inatances. Terrestrial. 

Wealden Rocks. Estuary Deposit. 
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Cretaceous Group. Marine. 

Tertiary Strata. Marine and Fresh Water. 

Diluvium. Terrestrial. 

InJ, Tt appears from the preceeding statements that by 
far the greatest part of organic remaius are of marine ori- 
gin. Nearly all the terrestrial relics, Indeed, and many of 
Sresh water origin, have been deposited beneath the waters of 
the ocean. 

5. AmovLid of Organic Remains in the Earth^s Crust. 

Descr. The thickness in feet of the fossiliferous strata in 
Great Britian, as given in the Tabular view of the Stratified 
Rocks, is as follows. 

Tertiary Strata, I'sSO feet. 1»00 { jiS cl!^ «d »Bd. 

Chalk. 600 do 600 

Green Sand, 480 do 500 

Wealden Group, 900 do 900 

Oolite— mean thickness, 1230 do 2000 

Lias, 1050 do 700 

New Red Sandstone, 900 do > ^r^ 

Magnesian Limestone, 300 do ) 

Coal Measures, 3000 do 3000 

Millstone Grit, 900 do 700 

Carboniferous Limestone, 1800 do 1000 

Old Red Sandstone, 9900 do 10.000 

Silurian Rocks, 7470 do 70.000 

Cambrian System, 9000 do 50.000 

Total, according to Prof. Phillips's estimate, 34.080 feet ; 
or about 6.5 miles : according to Dr, Smith, 142.800 feet ; 
or about 27 miles. 

Rem. 1. As remarked on a former page, tlie chief difference 
in the above results, lies in the Silurian and Cambrian {Groups; 
whose thickness has been ascertained of late with great care. 
• Rem. 2. We have already seen that Prof. Rogers makes the fossi- 
liferous rocks in this country below the coal measures inclusive, 
40.000 feet. 

Descr. Organic remains occur more or less in all the fossi- 
liferous strata whose thickness has been given. As a matter 
of fact, they have been dug out several thousands . f feet be- 
low the present suiface. 

Descr. In the Alps, rocks atound in organic remains from 
6000 to 8000 feet above the level of the sea : In the Pyrenees, 
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'nearly as bigh ; and in the Andes, at the height of 16.000 or 
18.000 feet. 

Descr. Frequently beds or layers of rock, many feet in 
thickness, appear to be made up almost entirely of the remains 
of animals or plants : Indeed, whole mountains, hundreds and 
even thousands of feet high, are essentially composed of or- 
ganic matter. 

Descr, Prodigious accumulations of the relics of microscopic 
animals are frequently found in the rocks. 

Ex. 1. From less than 1.5 ounce df stone, in Tuscany, Solda- 
ni obtained 10.454 chambered shells, like the Nautilus :— 400 or 500 of 
these weighed only a single .grain ; and of one species it took 1000 to 
make that weight. These were marine shells. Buckland^s Brtdgtwm' 
ter Treatise^ Vol, 1. p. 117. 

Ex. 2. tn fresh water accumulations a microscopic crustaceous ani* 
mal called the Cypris, often occurs in immense quantities ; as in the 
Hastings Sand and Purbeok Limestone in England, where strata 1000 
feet thick are filled with them : and in Auvernge, where a deposit 700 
feet tikick^ oyer an area 20 miles wide and 80 in length, is divided into 
layers as thin as paper by the exuvie of the Cypris. Same Workf 
p. 118. 

Ex. 3. But perhaps the most remarkaMe example is tiiat derived from 
the recent discoveries of the Prussian naturalist Ehrenberg, respecting 
the fossil remains of animalcula. In one place in Germany is a bed 14 
feet thick, made- up of the shields of animalcula so small that it requires 
41.000.000.000 of them to form a cubic inch : and in another place, a 
similar bed ia 28 feet thick. In Massachusetts, are numerous beds com- 
posed of the siliceous shields of infusoria (of a somewhat larger size 
thfta those meirtioned above,) many feet in thickness ; and similar bedtf 
occur all over New England and New York. Recently deposits of these 
carapaces or shields, have been discovered by Prof. ^m. B. Rogers in 
the tertiary strata of Virginia, extending over large areas, and from 
12 to 25 feet thick ! Rt^ort jon ^ke Geology of Virginia; for 1840» 

Dtscr. It is a moderate estimate to say, that two thirds of 
the surface of our eicisting continents are conqposed of fossi- 
iiferous roeks ; and these as ahreadj stated, often seroral thou- 
sand feet thick. 

Rem. 1^ This estimate might, without exaggeration, be confined 
to strata that contain marine exuvite : — that is, such as were deposited 
beneath the ocean. 

Bern. 2. After all, the pcvceeding^rtatements convey but a very im- 
perfect idea of the amouiit of «r^ainic relics in the rooks. To obtain 
«. just conception of (hctr ir^st mnount, a person must visit at least 
a few localities^ 

6. DiehributiM 4>J Orf/mmc Remain$. 

Descr* Ei^isting animals and plants «re arranged ttfto 'dia- 
iMMt groupfty eaoh group ooenpying a fcertaon ctistrict of land or 
9wter ; and &w of the iqieeiea ^e^fer 'wnsud&c ii^ other districts. 
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Tfeese districts are called Zoolo^cal and Botanical Provinces : 
and very few of the species of animals and plants which they 
comtain, can long survive a removal^ out of the province where 
they were originally placed; because their natures cannot long 
endure the difference of climate and food, and other changes^ 
to which they must be subject. 

BfcTO. Although naturalists are agrfeed in maintaining the existence 
of such provinces, yet they have not yet settled their exact number ; 
because yet ignorant of the plants and animals in many parts of the 
earth. Dr. Prichard proposes seven for the animals. Physical His- 
tory of Mankind^ Vol. 1 ., pp. 68—97,, third edition, Mr. Swainson^ est!-, 
mates the Ornithol'ogical provinces at five. EncycloptEdim of" Geogra- 
phy, Vol. 1.^.267. Bory St. Vincent makes five for the mammalia alone. 
Dictionnaire Cliisslque jy Hist. J^aturelle, Tome Septieme, p. 300. Some 
have reckoned as many as eleven : but what makes it very difficult to 
determine the point, is, that the boundaries of these provinces for diffe- 
rent classes of animals dioes, not always coincide. Decandolle, reckonsr. 
th^ Botanical Provinces ai twenty. Prof. Schouw makes 2^.. J^ncy- 
clopadia of Geography, Vol 1. p. 250, ^m. Edition. But Prof.. Hjenslow 
estimates them approximately at forty five. Dr. Smith's. Scripture Ge- 
ology, p. 73. On this difficult subject, see the French Mi^iettbruiry of 
J^ataral History abov9 mf erred to, Article Gedgraphie :, Msth Fleming^ $ 
PhUosophyof Zoology, Vol.2. Mso LyeWs Principles of Geology, Vol. 
2. ^so Prichard* s Physical History of man, Vol^ 1^ Encydo^mdia €f 
Geography, Vol. L.^cSfC. 

Descr. Sionuetimes mountains and sometimes^ oceans separate thesQ 
districts on the land. In the ocean they are sometimes divided by cur- 
rents or shoals : But botb on land and in \h&- water, difference of cli- 
mate fbrmf the most e^ctual barrier to the nugtation-. of species : sinca 
it is hui a few speciea that have the powes of enduring any great 
ehan^ in; this respect.. 

Dtacr. In some instances, organic remains are broken and 
ground by attrition into small fragments, like those which are 
now accuuMilating. Upon some beaches by the action of the 
waves.; But often the most delicate of the harder parts of the 
animal or plant are preserved ; and they are found to be group- 
ed together in the strata very much as^ living species now are 
on the earthy 

Illus:. In- a fossiUferous. ^raation of any considerable thickness, 
we usu^lgr find- somewhat such an arrangement as the foUowingr. 
The wh0lie> is <{ivided into many distinct beds of different thickness. 
At the botton^ perhaps, we shall find a layer of argillaceous or siliceouei 
rock, with- few or no remains : then will succeed a layer, perhaps calca- 
reous, full of them in a perfect state : next a layer of sand« or clay,, or 
limestone, containing none : next a layer made up- of the fragments of 
rocks, animals, and plants, more or leas oompunuted^; nex^ a kuyei of 
fine clay, : then a layer abounding in. remain». And' thus shall we-fittd 
A •ucoessip^ of changes to the top of the series. 

lurf. From these fact& it is inferred, that for the most part, 
the imbedded animals and plants, l^bved and died on or Bfiar 
the spot where they are found ; while it was only now and th^eo, 
that there was current enough to drift them any consid^^c^jb)^ 
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distance, Or break them into frajs:ment^. As tli^ jfed, they 
flunk to the bottom of the waters and became enireloped in mud, 
and then the processes of consolidation and petrifaction went 
slowly on, until completed. 

Rem. 1. So very quietly did the deposition of the fossiliferous rocks 
proceed in some instances, that the skeletons and indusiae of mi- 
croscopic animals, as we have seen, which the very slightest disturbance 
must have crushed, are preserved uninjured ; and frequently all the 
' shells found in a layer of rock, lie in the same position which similar 
shells now assume upon the bottom of ponds, lakes and the ocean : 
that is, with a particular part of the shell uppermost. 

Rem. 2. Were the bottom of our existing oceans and lakes, where 
mud, sand, and gravel, have been accumulating for ages, and enveloping 
the animals and plants that have died there, or been drifted thither, 
were this to be now elevated above the waters, we should find ex- 
actly such an arrangement of organic remains, as we find in a par- 
ticular formation of the solid rocks. While there would be a 
tesemblanoe between the relics in different seas and lakes, there would 
be great specific diversity ; just as we find in difierent groups of rocks 
in difierent countries : and hence the conclusion seems fair, that these 
rocks with their contents had axi origin similar to the deposits now 
forming at the bottom of existing bodies of water. 

J2ew. 8. in the existing; waters we find that different ani- 
mals select for their habitat different kinds of bottom : thus, 
oysters prefer a muddy bank ; cockles a sandy shore ; and lob- 
sters prefer rocks : So it is among tho fossil remains: an adi- 
ttional evidence of the manner in which they have been brought 
4Ato a petrified state. Phillips^s Geology^ p. 53. 

Pm. There is reason to believe that the temperature of the 
globe in early times was much higher than at present, and of 
course more uniform over its surrace : and hence the ran^e of 
j)artieular species of animals and plants might then have been 
tiaore extensive than at present ; and the number of botuiical 
and zodiacal provinces less numerous ; and this inference is 
.0tlM(tamed ^ tiie &cts of fossil geology. 

Dtscr. in a particular di^ridt we find but little change 
in the character of organic remains, as we ascend or descend 
'in the series of rocks, until there occurs a change in (lie ns^ure 
^r mode of deposition of the rock. Then we find new species 
introduced, and more or less of the old ' ones disappearing. 
•Sometimes the change <^ species is gradual and sometimes 
sudden, corresponding to the cha;Qg'e in the rock. 

Prin, In comparing organic rematasfrom difierent formaticms, 
it skoukl be recollected that they may belong to the same «lass 
or order, or genus, and yet be widely diflferertt firom one anoth- 
er ; and that it is only when they are of tbe same speeiet^ that 
ili«y are identical. 

DeBcr. If we compare together the remains of the Or€*>»<5e- 
t»us formaiioni tbe red sandstone formation^ the carbosiferous sys- 
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t^m, and the Silurian fcrmation, in different parts bt England, 
"we shall find that those most remote from one another in Tocali- 
t}', differ most widely : but almost without an exception, those 
in each formation are specifically distinct from all those in the 
other formations. Pfdllips^s Geology y p. bl. 

Descr, If we compare the fossils of the Tertiary and Secon- 
dary Classes of rocks, we shall find that they have no species 
comnjpn, so far as has yet been ascertained, either of animal or 
plant. LyelPsFriiu Geel. Vol, 3 y p. 327. First Ed. 

Descr. If we examine a formation through its whole extent, 
we shall rarely find that any species of organic remains is uni- 
versally diffused, unless the extent of the formation be quite 
limited. If we compare the same formation in different coun- 
tries, the specific resemblance between the organic contents will 
diminish nearly in the inverse ratio of the distance between 
them. Phillips's Ti-eatise on Geology ^ from Ency, Brittan. p. 62. 

Example. In Egypt the cretaceous rocks contain different fossils from 
the chalH of England : and the same is true of the chalky rocks on the 
southern faces of the Alps. More than a hundred species of organic 
relics have been described in the rocks of the United States, which are 
supposed to correspond with the chalk formation in Europe : yet only 
two or three species are identical. Morton's Synopsis of the Organic 
Remains of the Cretaceotts Group of the United States^p. 83. Philadelphia^ 
1834. Phillips's Geology, p. 156. 

Remark 2. In a few instances particular species have a very wide dif- 
fiision in contemporaneous rocks. The Belemnites mucronatvs is found 
in nearly every chalk deposit in Europe. The trilobite, Calymene 
Blumenbaddi, and the coml, Cateniporaj are found at most localities of 
Silurian limestone in Europe and North America. 

Prin, Families and genera that were cotemporaries, appear to 
have had a very wide geographical diffusion, as they have 
among existing animals and plants : but for the most part, species 
occupied but a narrow geographical area. Phillips'^s Treatise on 
Geology y p. 63. 

Ex. Specifically unlike as are the organic contents of the cretaceous 
formations in Europe, and North America, yet the same genera (ex. gr. 
Exogyra, Gryphaea, Baculites, Belemnites, Scaphites, and Ammonites,) 
abound, and even between the species there is a close analogy. 

Prin* Judging from the distribution of living ammals and 
plants, contemporaneous formations in widely separated portions 
of the globe may contain organk remains very much alike, or 
very much unlike. 

Illustration. Comparing the marine animals on the coast of the United 
States with those on the shories of Europe, we find at least 24 species 
of shells common to both, and no reason can be assigned why as close a 
resemblance might not have existed at earlier periods. Morton's Synopsis^ 

683. On the other hand, how unlike are the animals and plants of New 
olland and its coasts, to those of Europe or the United States. 
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Prin. Rocks agreeing in their fossil contents, may not haye 
been contemporaneous in their deposition. 

Proof, The causes that have produced changes of organic life may 
have operated sooner upon some parts of the globe than upon others, so 
that particular animals and plants may have continued to be deposited in 
some spots longer than in others. 

Remark. Probably, however, such a diversity in different parts of the 
globe could not have continued very long, so that rocks with the same 
organic remains may be regarded as not differing greatly in age : and 
besides, as already stated, there is reason to suppose that in earlier times 
there was greater uniformity of climate and condition on the globe than 
at present. 

Inf. From all that has been adranced, it appears that an 
identity of organic remains is not alone sufficient to prove a 
complete chronological identity of rocks widely separated from 
each other : but it will show an ^proximate identity as to the 
period of their deposition ; and in regard to rocks in a limited 
district, it will show complete identity. 

Proof. Identity of organic remains proves only the existence of sim- 
ilar conditions as to eiimate, food, &e : but tn remote regions of the 
globe these conditions may have existed at different periods, though not 
probably separated by long intervals ; and therefor^, the identity is ap- 
proximate : that is, deposits containing the same organic remains were 
produced at eras not widely remote from each other. But in respect to 
limited regions of a continent, much difference of climate could not 
have existed at the same time ; and therefore, an identity of organic 
remains proves the synchronism of the deposits containing them. 

PHn. If the mineral character of two rocks agree, as well a3 
their organic contents, their synchronism will be shown to be 
more probable. But on the other hand, a want of agreement 
in the mineral characters, ought not to be regarded as proof 
that they were not contemporaneous. 

Proofs The mineral composition of rocks^ fbrmiAg in re^riont Terjr 
remote, must have been subject to as great diversity ts their organic 
contents. But if their mineral oomposittoB is the same, it increases the 
probability of their synchronal deposition. 

Prin^ Still stronger evidence of synchronism is obtained when 
rocks agree in their superposition, as well as in the characters 
above named. This character, indeed, when it can be applied 
is very conclusive : but in remote regions it is applied with great 
difficulty. 

Rem, The identifioation of strata in widely separated regions is one of 
the most difficult problems in geology ; and one where there is great 
room for the play of fancy, rrobably American geologists have ex- 
hibited too much anxiety to identify the strata of this country with tho«e 
of Europe. De la Beche't TkeoretiMl Geology, Chapters 11, 12, 13. 
LyeWs Elements of Geology^ Chapter 13. 
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Tabular View of Organic Remaina. 

TabU. The following Tabular View of the Organic JElemains in the 
different formations, will show how the different families of Animals and 
plants are distributed in the rocks. It is derived from the latest aAi- 
thorities, within my reach. But it will be seen by the reference's be- 
neath the Table, that these authorises differ widely in their dates; bo 
that some of the numbers are far more in accordance with the preseht 
state of the science than others. Nevertheless, some important infer- 
ences may be deduced from such a Table : and therefore I give it, though 
confessedly imperfect. I have added the numbers of living species that 
have been described, so far as I have been able to obtain any estimates 
that approximated near enough to the truth to form a basis of reasoning. 
Of course, all the numbers of this Table must be regarded as falling fiu 
below the adtual numbers, both of living and extindt vfeeies. 
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TABULAR VIEW OF ORGANIC REMAINS. 
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a. Professor John Phillips's Treatise on Geology, 1837. 

b. Adolphe Brongniart in 1829. 

c. Lyell's Elements and Principles of Geology, 1838. 

d. De la Beche's Manual of Geology, Third Edition, 1833. 

e. Afirassiz. 

h. aT. Brongniart. Tableau des Terrains, 1829. 

i. Bucklands' Bridgewater Treatise, 1836. 

m. Manlell's Wonders of Geology, 1838. 

n. Mining Review, Dec. 1838. 

o. Prof. Bronn's Lethsea G^ognostica, Stuttgart, 1838. 
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« 

Inference 1. Krora the preceding table "we learn that all the 
important classes of animals and plants are represented in the 
different formations. 

Inf. 2. Hence we learn that the hypothesis of Lamarck is 
without foundation, which supposes there has been a transmuta- 
tion of species from less to more perfect, since the beginning 
of organic life on the globe : that man, for instance, began his 
race as a monody (a particle of matter endowed with vitality,) 
and \ifas converted into several animals successively ; the 
ourang-outang being his last condition, before he became man. 
LyeWs Principles of Geology y Voll. p. 481, where this subject 
is treated ably and fully. " The Sauroid fishes," says Dr. 
Buckland, (Bridgewaier Treatise ^ Vol 1. jo. 294,) "occupy 
a higher place in the scale of organization than the ordinary 
forms of bony fishes ; yet we find examples of Sauroids of the 
greatest magnitude and in abundant numbers, in the carbo- 
niferous and secondary formations, whilst they almost disappear 
and are replaced by less perfect forms in the Tertiary Strata, 
and present only two genera among existing fishes. — In this, as 
in many other cases, a kind of retrograde developeme;it, from 
complex to simple forms may be said to have taken place." 

Inf 3. We learn, however, that in the earlier periods of 
the world, the less complex and less perfect tribes of animals and 
plants greatly predominated, and that the more perfect species 
became more and more numerous up to the creation oi the 
present races. 

Inf 4. Vegetable life must have commenced on the globe 
nearly as early as animal life. 

Proof. Vegetable remains have not indeed been found among the 20 
or 30 species of organic relics discovered in the Cambrian Group of 
rocks : But they occur in the Silurian Group : and it woud be prema- 
ture to infer their non-existence in the Cambrian Group, until lurther 
researches are made among fossiliferous clay slates : e»pecially since 
the presumption is strong, that marine vegetables must have existed 
contemporaneously with marine animals, in order to furnish the latter 
with food. Buckland' s Bridgewater TreaZise^ Vol. l.p. 451. Phillips's 
Treatise on Geology, Vol. l.p. 128. 

Inf 5. Dry land, capable of sustaining vegetation, must 
have existed soon after the deposition of the fossiliferous rocks 
commenced. 

Proof 1. Terrestrial Vegetable remains occur in rocks of the gray- 
wacke period. 2. The detrital character of the rocks of that group 
makes the existence of dry land during its deposition almost certain ; 
since rocks entirely beneath the waters are but slightly worn away by 
oceanic currents. 

Descr. The family of Coniferous Plants is found in the earli- 
est rocks, and at each successive change in tlie physical condition 
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of the globe, the number of its genera and species increased, 
until it forms among existing plants about one three hundredth 
part of the whole flora, or nearly 200 species. Palms also 
occur, though sparingly, in all the formations. 

Descr. The 300 species of fossil plants found in and beneath 
ihe carboniferous strata, are two thirds tree ferns and gigantic 
Equisetacese. Ten ConiferaB, and plants intermediate between 
these and Lycopodiacese, viz. Lepidodendra, Sigillaria, and 
Stigmari®, together with 10 Monocotyledonous plants, form the 
remainder. MantelVa Wonders of Geology^ Vol* 2. p. 668. 

Descr. Of, the 100 species found between the carboniferous 
strata and the tertiary groups, one third are ferns; and most 
of the remainder are Cycadese, Conifers, and Liliacese. More 
of the first named family have already been found fossil, than 
exist at present on the globe. They form more than one third 
of the entire fossil flora of the secondary formations ; but less 
than the 2000th part of the existing flora. 

Descr, The plants of the tertiary strata approximate closely 
to the existing flora. 

Descr. Below the New Red Sandstone vascular cryptogamiaft, 
or flowerless plants, greatly predominate, while dicotyledonous 
plants are rare. In ^ secondary strata above the coal, there 
is an approach to equality between these two classes : In the 
tertiary strata the latter predominate ; and in the existing flora, 
two thirds are of this class. Buckland^s Bridgewaier JVeatisej 
Vol. 1. p. 520, 

7. Periods in which different plants and animals began to op- 
pear on the Globe j and in which some of them became extinct. 

Prin. In general plants and animals began to exist first on 
the globe during the period when the lowest rock in which 
their remains are found, was deposited. 

Proof. 1. Those animals and plants are excepted that are 
too frail to be preserved in the rocks : But in respect to all 
others, no reason can l^e assigned why their remains should not 
be found along with those of other organic beings existing at - 
the same period. Particular species, from being less numerous, 
or being less likely to get enveloped in deposits formed by wa- 
ter (as birds for instance,) may be rarely found in the rocks; 
and therefore, ^e should not be hasty to infer that a species did 
not exist, because we have not discovered its remains. But if 
a formation has been pretty extensively examined, the presump- 
tion is strong that few new species will be found in it. 
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2. Comparative anatomy here comes in to our aid. For it is 
found that certain types of organic existence characterize par- 
ticular geological periods : and having ascertained the type for 
any particuiar period, we may infer with great certainty that an 
animal or plant of a very different type will not be found amo ig 
the organic remains of that formation. Thus, we find in generil 
the fossils of the Carboniferous Group to have been adaoted to a 
climate of a tropical character : and to expect to find* in that 

froup animals or plants adapted to a temperate climate, would 
e unreasonable ; because the two tribes could not haye existed 
in the same climate. 

Descr. The following is the order in which some of the most 
important animals and plants have first appeared on the globe : 
in other words, the epoch of their creation. It may indeed, be 
hereafter found, when the rocks have been more extensively ex- 
amined, that some appeared earlier. 



Silurian and Cambrian or 
Graywacke Period. 



' Zoophytes. 
Marine Shells. 
Crustacea, (Trilobites.) 
Fishes — Placoidians and Ganoidians. (Sau- 

roids and Sharks) also those with hetero- 

cercal tails. 
Flowerless Plants. > Marine. 
Flowering Plants. > Terrestrial. 



Carboniferous Period. 



'Fishes: (Cephalaspis, &c.) 

Archnidans : Scorpions. 

Coleopterous Insects. 

Fresh Water Shells. 

Dicotyledonous Plants — ConifersB ; (Pines, 
&c.) Cycadeee. 
^Monocotyledonous Plants, Palms, Scitaminie. 



Red Sandstone Period. 



r Tracks of Birds, Tortoises, and Chirotheria 

allied to Marsupialia. 
Reptiles : Monitor, Phytosaurus, Ichthyosau- 
rus, Plesiosaurus, Mastodonsaurus, Theco- 
dontosaurus, Paleeosaurus. 
Crustacea: Palinurus. 
Fishes : Palseoniscus, &c. 
^Dicotyledonous Plants, (Voltzia.) 
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' Mammalia : Thylacotherium. 
Cetacea: Phascolotherium,(Didelphys of Buckland.) 
Reptiles : Saurocephalus, Saurodon, Teleosaums, 
Streptospondylus, Me^alosauru3,Lacerta neptunia, 
-^lodon, Rhacheosaurus, Pleurosaurus, Geosaurus, 
Macrospondjlus, Pterodactylus, Crocodile, Gavial, 
Tortoise. 
Oolitic Period. •< Fishes : Pcynodontes and Lepidoides. (Dapedium, 

&c.) with homocercal tails. 
Arachnidans : Spiders. 
Insects : Libellulce, Coleoptera. 
Crustacea : Pagurus, Eryon, SycUarus, Palaemon, 
Astacus. 
Plants : Cycadeae, (Pterophyllum, Zamia,) Coni- 

feree, (Thuytes, Taxites,) Lilia, (Bucklandia.) 

" Birds : GrallflB, (Tilffate Forest.) 
Reptiles: Iguanodon,Leptorynchu3,Trionyx, Emys, 
Wealden Period, i Chelonia. 

Fishes : Lepidotus, Pycnddus, &c. Fresh water 
and Estuary shells. 

f Insects. 
Reptiles : Mososaurns, &c. 
Cretaceous Period,-^ Fishes: Ctenoidians and Cycloidians. 
I Crustacea : Arcania, Etyaja, Coryster. 
[^ Plants : ConfervaB, Naiades. 

Mammalia, 1. Eocene Period, 50 species : — Pal®- 
otherium, Anoplotherium, Lophiodon, Anthraco- 
therium, Cheroptaraus (allied to the hog,) Adapis 
rjesembling the hedgehog) Carnivora : Bat, 
Uanis (Wolf and Fox) Coatis, Racoon, Genette, 
Dormouse, Squirrel. Reptiles : Serpents. 

Birds : Buzzard, Owl, Quail, Woodcock, Sea Lark, 
Curlew, Pelican, Albatros, Vulture. Reptiles : 
Fresh Water Tortoises. Fishes : seven extinct 
species of extinct genera. 

2. Miocene Period : Ape, Dinotherium, Tapir, 
Chalicotherium, Rhinoceros, Tetracaulodon, 

Tertiary Period. < Hippotherium, Sus, Felis, Machairodus, Gulo, 
Agnotherium, Mastodon, Hippopotamus, Horse. 

3. Pliocene Period : Elephant, Ox, Deer, Dolphin, 
Seal, Walrus, Lamantin, Megalonyx, Mega- 
therium, Glyptodon, Hyssna, Ursus, Weasel, 
Hare, Rabbit, Water Rat, Mouse, Dasyurus, 
Halmaturus, Kangaroo and Kangaroo Rat. 

Birds : Pigeon, Raven, Lark, Duck, &c. 

Fishes : (in the formation generally) more than 100 
species now extinct which belong to more than 
40 extinct and as many living genera. 

Insects: 162' genera of Diptera, Hemiptera, Cole- 
optera, Aptera, Hymenoptera, Neuroptera, and 
Orthoptera.* 



* Brona*8 Lethca Oeognostica, p. 811. 
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' Shells : In the Newer Pliocene Period, 90 to 95 pet 
cent of living species j 35 to 50 per cent, in the 
older Pliocene : 17 per cent, in the Miocene ; 
and 3.5 in the Eocene ; amounting in all to 4000 
Tertiary Period. i species. 

I Plants : Poplars, Willows, Elms, Chesnuts, Syca- 
j mores, and nearly 200 other species : seveu* 
I eighths of which are monocotyledonous or dicoty^ 
(^ ledonous. 
Alln *al P 'od 5 ^*"* ^^^ most of the other species of existing ani- 
^ mals and plants. 

Human Remains. 

Prin- Geology alone has as yet been unable to fix the pre- 
cise time when man first appeared on the globe ; but it was 
certainly very recent, and one of the last displays of creative 
energy witnessed on the earth. 

Proof, In the earlier periods of geology, the fossil bones of other 
animals were often mistaken for those of man. Thus the Homo 
Diluvii testis of Scheuchzer, was ascertained by Cuvier to be 
nothing but a great Salamander. At the present day no prac- 
tised geologist maintains that human remains have been found 
below diluvium ; although some writers on geology still defend 
that opinion, (See Penn's Comparative Estimate of the Mosaicai 
and Mineral Geologies j Vol 2. p- 124. Fairholme^s Geology 
of Scripture J p 219. Camstoc^s Geology^ p. 263. ^ But some 
geologists on the continent of Europe are of opinion that the 
bones of Man are found so mixed with those of extinct quadru- 
peds, as in certain caverns in France, and the province of Liege, 
that all must have been deposited at the same time ; that 
is, during the deposition of the most recent tertiary strata. 
Others suppose that these human remains must have been in- 
troduced subsequently. (BucklamVs Bridgewater Treatise^ Vol, 
1. p. 103.) Upon the whole, no evidence has yet been" afforded 
by geology, that man existed on the earth earlier than during 
the deposition of the latest members of the tertiary strata : and 
pnost geologists are of opinion that his remains occur only in 
alluvium. Dr. Smithes Scripture and Geology^ p. 896. Second 
Edition J London^ 1840. 

Obj, Some writers contend that when Asiatic countries 
have been examined more thoroughly, the remains of man 
may be found in all the fossiliferous rocks : and that they do not 
thus occur in Europe and America, because he had not spread 
into these parts of the world till a long time after his creation. 
But on this subject it may be observed, 1. that so far as the 
countries of Asia have been geologically examined, their organio 
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relics correspond, as to distribution and general character, 
with those of Europe and America ; and hence the presumption 
is, that in all that quarter of the globe, the manimiferous 
animals will not be found much below the tertiary strata. 2. 
, Comparative anatomy strengthens this presumption, by showing 
conclusively, that most of such animals as now inhabiithe globe, 
could not have lived when the same physical conditions existed 
that were necessary for the creatures found in the lowerv rocks. 
3. Since however the scriptures represents man to have originat- 
ed from central Asia, we may hope that an examination of that 
region will enable geologists to fix the precise geological epoch 
when he first appeared upon the earth. 

/«/. Until the exact period can be fixed when the remains of 
man first appear in the strata, geological time cannot be conect* 
ed with historical time very definitely. 

Proof. The scriptures fix the chronology of man's creation ; so that 
if we can determine during what geological period this took place, we 
can ascertain what changes have occurred since ; and what events 
preceded his appearance. To fix the date of any other existing ani- 
mal's creation, will not in like manner connect geological and histori- 
cal dates, because some of the existing species are mixed with extinct 
races, and may have been recreated during the six demiuf^ic days of 
the scripture. 

Rem. The remarkable specimens of human skeletons found imbed- 
ded in solid limestone rock on the shores of Guadaloupe, deserve at- 
tention in this connection. At first view they may seem genuine exam- 
ples of man in a fossil state. But they belong to the alluvial formation, 
and probably were buried there only a few hundred years ago. For the 
same rock contains shells of existing species, as well as arrows and 
hatchets of stone, and pottery. It is said that a battle took place on this 
spot about the year 1710, between the Caribs and Gallibis. — One of 
these specimens is in the British Museum in London, the other in 
the Garden of Plants in Paris. Bucklands's Bridgtwater Treatise., Vol. 
1. p. 104. Cuvier^s Theory of the Earth, by Jameson and Mitchell, p. 235, 
JV. York, 1818. Cuvier's Discourse on the Revolutions of the Surface of 
the Globe : Philadelphia, 1831. /». 82. 

8. Vertical Range of Animals and Plantn in the Strata. 

Descr* Not only did different species, genera, and fami- 
lies of animals commence their existence at very differentT 
epochs in the earth's history, but some of them soon became 
extinct ; others eontinued longer, and some even to the present 
time. 

Descr, Species rarely extend from one formation into another; 
but genera frequently continue through several formations; 
and a few, even through the whole series of strata: and are 
still found among living animals and plants. Orders are still 
more extensive in their vertical range; and all the great clag* 
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ses, as has been shown, extend through the whole series. 
Very many genera, however, and seme orders, are limited to a 
single formation. Others, after di^appearing through one or 
more formations, at leng;th reappear. 

Illust. The following Tables will giTC an idea of the vertical distri-* 
bution of several orders and genera. Phillips's Treatise on Geology^ 
Vol. I. p. 76 et seq. 

The following Table exhibits the distribution of several orders of 
Zoophy ta j their presence bein^ indicated by stars, and their absence by 
blanks. 
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Reipn,. I have placed Stelleridans in thf Saliferous System on the an-, 
thority of Dr. Buckland, (Bridgewater Treatise^ Vol. I. p. 416j, and in 
the Silurian System on the authority of Prof Troost, in his Fifth Report 
on the Geology of Tennessee, p. 1^, 1840. 

The following genera of shells, very abundant at present on the globe^ 
hay^ a Tery limited range do\vrn^&^ds^ 

9* 
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The following genera are very unequal in their vertical range. One 
of them, the terebratula, extends through the whole series of formations 
And still lives. 
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Out of the multitude of Cephalopoda, or chambered sheHs, tliat swarm- 
ed in the ancient seas, only two species have continued to the present 
time ; as may be seen by the following Table of their yertical range. 
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Palaantological Chart, 

In order to bring under the eye a skjetch of the vertical range of the 
different tribes of animals and plants, that have appeared on the globe 
firom the earliest times, the Chart which faces the title page, has been 
constructed. The whole surface is divided into seven strips, to repre- 
sent Geological Periods : viz. the lowest, the Graywacke Period : the 
next, the Carboniferous Period : the next, the Sidiferous Period : the 
next, the Oolitic Period : the next, the Cretaceous Period : the next, 
the Tertiary Period : and the highest, the Historic Period, or that now 
passing. The Animals and Plants are represented by two trees, having 
a basts or roots of primary rocks, and rising and expanding through the 
difibrent periods, and showing the commencement, developement, ra* 
mifioation, and in some oases tne extinction, of the most important tribes. 
The comparative abundance or paucity of the different families, is 
shown by the greater or less space occupied by them upon the chart ; 
although there can of course be no great exactness in such representa- 
tions. The numerous short branches, exhibited along the sides of the 
different families, are meant to designate the species, which almost uni- 
versally become all extinct at the conclusion of each period. Hence 
the branches are contracted in passing from one period into another^ 
and then again expand, to show that the type of the genera and orders 
alone survive. Where a tribe, after having been developed during one 
period, disappears entirely during the next or several succeeding peri- 
ods, but at length reappears ; a mere line is drawn across the space 
where it is wanting. 
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While this Chart shows that all the great classes of animals and 
plants existed from the earliest times, it will also show the gradual ex- 
pansion and increase of the more perfect groups. The vertebral ani- 
mals, for instance, commence with a few fishes ; whose number increas- 
es upward: but no traces of other animals of this class appear, till we rise 
to the Saliferous Group, when we meet with the tracks of chirotheria, 
tortoises and birds. But not till we reach the Oolitic Period, do we 
meet with the bones of the mammalia : and then only two species of 
marsupialia. No more of this class appear till we reach the tertiary 
strata, where they are developed in great numbers, approaching nearer 
and nearer to the present races on the globe as we ascend, until, in the 
Historic Period, the existing races, ten times more numerous, complete 
the series with man at their head, as the crown of the whole ; or as the 
poet expresses it, »* the diapason closes full in man." 

In like manner if we look at that part of the Chart which shows the 
developemcnt of the vegetable world, we shall see that in the lowest 
rocks, the flowering plants are very few, and consist mostly of Co- 
nifers and Cycade® : links as it were, between the flowering and the 
flowerless plants. It is not till we ascend to the Tertiary Period, that 
the willows, elms, sycamores, and other species that form the forests of 
the temperate zone, appear. But lower down in the series, a few mo- 
nocotyledonous plants are seen, such as lilies and palms ; which, how- 
ever, do not seem to have been greatly multiplied till we reach the 
Tertiary Period. Still more fully developed do we find them in the 
Historic Period; where 1000 species of palms, — the crown of the veg- 
etable world, have been found. 

To refer to another example of a somewhat different character : take 
the Saurian animals, which began to appear during the Saliferous Peri- 
od. In the next period above, or the Oolitic, their developemcnt is 
very great ; so that they seem to have been the rulers of the animal 
creation. But above this Period, they gradually decrease, until among 
existing animals all their representatives, except the crocodile and the 
alligator, are on a most diminutive scale. 

A similar example among plants exists in the LycopodiacesB ; which 
during the Carboniferous Period, formed trees from 40 to 60 feet high. 
But above that period, they rarely appear ; and their only remaining 
representatives on earth at the present time, are obscure plants a few 
inches in height. 

Much more information of this sort may be obtained by a few mo- 
ments inspection of this Chart ; which will prevent the necessity of de- 
tails. As this however is the first effort that has been made to give 
•uch a representation of the leading facts in Paleontology, I shallex- 
pect that defects and imperfeotions will be discovered in it,* 

9. Comparison of Fossil and Living Swedes* 

Prin» It is a moderate estimate to reclion the species of or- 
ganic remains hitherto described in the rocks below the tertiary 
strata, at 6000. Yet scarcely none of this number have thu» 

* Since the above w«8 in type, (in the first edition,) I have received the Lelkmu 
Ot0gnitstica of Professor Bronn, published at Stuttgart in 1837 and 1638, where 1 find a 
Chart constructed c^i essentially tfie saQie principles. The wonder with me is, not 
that I have been anticipated, but that so simple a plan to exhibit the leadint fkcta of 
paleontology, has not been employed by writers in the English language. 
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&r been identified with any now living on the globe. In many 
eases they differ even generically. 

Rem. The above estimate would make the whole number of fossil 
species 9000. This is considerably below the estimates of Koferstein, a 
German writer, in 1834. lie gives the following numbers, in his Die 
Jfaturgcschitcke des Erdkopers in ihren ersten gmndzugen dengestcUt. 2 
Bde &V0. V^ol. 2. See Quarterly Review for A;pril^ 183o, ji. 90. 



Mammalia, 270 

Birds, 20 

Reptiles, 104 

Fishes, 386 

Insects, 247 
Spiders, CrustacesB, Xyphosura, 

Entomostracea, Isopoda, Myriopoda, 211 

Mollusca, 6056 

Annelides, 214 

Radiata, 411 

Polypina, 907 

Vegetables, 803 
Total, 



Tnn. The deeper we descend into the earth, that is, the old- 
er the rock, the more unlike in general are its organic remains 
to existing species. As we ascend, we find a nearer and nearer 
approximation to existing species in each successive formation. 

Descr, In 1833, the number of shells in the tertiary strata, 
that had been discovered and described by M. Deshayes in Eu- 
rope, amounted to 3036 : Of these, 56S were identical with 
species found in our present seas. They were distributed how- 
ever, very unequally through the dififerent groups of tbos^ strataj 
as follows. 

In the Eocene or oldest 
Group 1238 species : Living analogues, 42 

In the Miocene. 1021 do do J 76 

In the Pliocene. 777 do do 350 

LyeWs Prin, GeoL VoL 3. p. 47, 49, 51. Appendix* First 
Editiony London^ 1833. 

Prin- The organic remains in the northern parts of the 
globe, correspond more nearly to existing tropical plants and 
animals, than to those now living in the same latitudes. 
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Proof. It is well known that the Fauna and Flora of tropical 
regions are so ditJ'erent from those in higher latitudes as to 
strike every observer. Now any one who is acquainted with 
these peculiar features of tropical organic life, even as they 
are exhibited in books, will be struck with their resemblance to 
the organic remains in the fossil iferous strata. The following 
examples may serve for illustration : beginning with the high- 
est of the strata, viz. diluvium. 1. Along the shores of the 
Arctic Ocean in the banks of the great rivers, such as the Oby, 
the Yenesi, and the Lena, are found immense quantities of the 
hones of the extinct species of elephant called the mammoth. 
The region in which these remains occur, is almost as large as 
the whole of Europe. Now although the fact that these ani- 
mals were covered with hair, proves that the climate where 
they lived was colder than that where naked elephants now 
live, yet it must have been much warmer than the present tem- 
perature of Siberia, in order to produce vegetables for their 
sustenance. The rhinoceros found fossil in the same country 
confirms this conclusion. 2. The bones of extinct species of 
elephant, rhinoceros, hippopotamus, lion, tiger, hyaena, &c. — 
genera confined almost exclusively within the tropics at this 
day, are found scattered through the diluvium of almost every 
part of Europe. 3. When .>hells are found in the tertiary stra- 
ta in northern countries, identical with those in existing seas, 
their analogues are almost universally found in tropical seas : 
and when the same species occurs in the Mediterranean, for in- 
stance, as is found fossil upon its shores, the latter is much 
larger than the former : and it is a well known fact that the 
same species in tropical regions attains a greater size than in 
colder climates. 4. The great size, both of the animals and 
plants found in the secondary strata, compared with that of living 
organic beings of a similar kind, shows a state of climate 
during their growth very favorable to their developement : such 
a climate, in fact, as exists in tropical countries. 6. The 
great number of chambered shells, such as ammonite, orthoce- 
ra, &c. found in the si^condary rocks, confirms this proposition, 
since the few representatives of these shells still found alive, 
occur in warm latitudes. 6. But perhaps the most striking 
evidence of a warm climate, during the deposition of the secon- 
dary rocks, exists in the fossil flora of the coal formation. 
This is filled with gigantic plants of genera mostly found with- 
in the tropics , such as equiseta, lycopodiaceie, tree ferns, 
palms, &c : and a person who is familiar with the.se remains, 
IS struck, on going to a tropical country, with their resem- 
blance to the vegetation around him ; as he is with their want 
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of resemblance to the flora of high latitudes. These tro- 
pical plants have been found in the rocks around Baffin'* Bay, 
and even as far north as Melville Island, in 75*^ north latitude. 
7. Numerous organic remains in the secondary rocks, even in 
the oldest fossiliierous strata, appear to have once constituted 
coral rpefs, such as are now found only in tropical seas. Such 
relics as these, also, have been found in the rocks of Melville 
Island. LyeWs Principles of Geology^ Vol. 1. p. 98. 

Rem. Agassiz, Lyell, and Smith of Jordan Hill, seem to have proved 
that the climate of northern regions, immediately preceding and during 
the diluvial period, was lower than it is at present : and it is the opinion 
of Agassiz, that a similar fall of temperature took place near the close of 
each great geological period. But admitting all this to be true, it cannot 
affect the preceding arguments concerning the general temperature 
during those periods, except as to the diluvial, which is of little con- 
sequence in this respect. Edinburgh JVew Philosophical Journal, A'prU^ 
1838. Dr. Buckland's Amdversary Address before the London GeoUfgicMl 
Society in 1841. An. and Mag. ofJSI'at. History for February, 1841. 

Rem. Those devoted to fossil botany say that the land plants found in 
the older strata, correspond more nearly with those now growing upon the 
low islands of the Pacific Ocean, between the tropics : and hence they 
infer that when these flourished, the land was but little elevatedjabove the 
waters ; and that the climate was constantly very warm and moist. Amer' 
iean Journal of Science, Vol. 34. ^. 324. 

Pnn. It is probable that during the deposition of the older 
fossil iferous rocks, the climate was ultra-tropical ; that is, warm- 
er than at present exists on the globe. 

Proof Tropical species of equiseta, lycopodiaceje, tree ferns, 
&c. are much larger than those found growing without the tro- 
pics. But those found fossil are much larger than any now living. 
Equiseta, for instance, in the ancient world, were sometimes 10 
feet high ; tree ferns, from 40 to 60 feet, and arborescent ly- 
copodiacese, 60 or 70 feet high. Recent equiseta are rarely 
more than half an inch in diameter ; whereas the fossil cala- 
mi tes, a very similar plant, is sometimes 7 and even 14 inches 
in diariieter ; and no living lycopodiacese are more than 3 feet 
high. This extraordinary development, which is found also 
in other species of plants and animals, can be explained only 
by a higher temperature : though Adolphe Brongniart suggests 
that in those early times, when perhaps no land animals existed, 
the atmosphere might have been more highly charged with car- 
bonic acid than at present. Histoire des vegetaux fossilesj 
par M, Adolphe Brongniart : 2d Livraison. p- 113. Buckland^s 
Bridgewater Treatise j Vol. 1./). 450. PhilUps^s Edinburgh 

Treatise on Geology ^p- 118. 

Prin The temperature of the climate seems to have gradu- 
ally sunk during the successive deposition of the different 
groups of fossiliferous rocks. 
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Foof, While the whole number of species of ferns, now 
growing upon the globe, is 1500 ; only 144 are found in the 
northern temperate and frigid zones ; and 140 in the south- 
ern frigid and temperate zones; while the remaining 1200 
are found within the tropics. Now the number of fossil ferns 
diminishes in nearly the same ratio, in ascending from the old- 
est secondary rocks, as it does in going north or south from the 
equator. Hence it is inferred that a similar decrease of tem- 
perature is in both cases the cause. 2. This is the most rational 
mode of explaining the gradual approach of organic remains 
to existing species, as we come near the surface ; so that dur- 
ing the tertiary periods the climate could not have been much 
different from that around the Mediterranean. BucklaruPs 
Bridgewater Treatise^ Vol 1. p. 471. 3. If the former high 
temperature of the globe be admitted, we should expect this 
gradual reduction of temperature, by radiation. Phillips^ s Edin* 
Treatise on Geologyjp,96, 



10. Description of individual and peculiar Species of Or^ 
ganic Remains. 

PLANTS. 

Descr. The number of fossil plants yet described amounts to 
about 600. (Phillips^ Treatise on Geology^ Vol. I ;>. 70) Of 
these more than 300 are contained in the strata below the top of 
the Carboniferous Group : more than 100 in the rocks between 
that group and the tertiary strata ; and nearly 200 in the 
tertiary. 



Alga or Sea Weeds. 

Descr. Existing submarine vegetation, amounting to more 
than 500 species, may be arranged in three divisions ; dependent 
for their characters upon climate : the first group occupying 
the frigid, the second the temperate, and the third the torrid 
zone. A similar distribution of the fossil marine plants, will 
bring all those below the top of the new red sandstone into 
the class of tropical plants : while those higher in the series, 
approximate more and more to those now existing on the 
globe. Adolphe Brongniart^s Histoire des Vegetaux Fossiles^ 
JAvraison I, p. 41. 
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De$cr. In the lowest rocks most of the plants are marine. 
Fig. 38, represents a species of fucoides. 



Fig. 38. 




Ftieoidee, 



Musci and FiUces : or Mosses and Ferns* 

DescT' On account of their delicate structure, mosses are 
rarely preserved in the rocks. But ferns are very abundant ; 
especially in the more ancient strata, where they are found 
of a size at least equal to those now growing in the torrid zone, 
-which are often from 40 to 50 feet nigh. Fig. 39, is a sketch 
of some of these tree ferns, now growing in tropical climates. 
10 
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Fig* 39. 




7V<e Fenu^ 



Deicr^ Europe at the present time does not contain more 
than 30 or 40 species of ferns, and these of diminutive size ; 
whereas naore than 200 species have been found in the coal 
formation of the same quarter of the globe. Adolphe Brongm" 
art in American Journal of Science, VoL 34. p, 319. 



l^ycopodiaceay or Club Mosses. 

Desrr. The Lycopodiaceae are a tribe of plants interme- 
diate between ferns and conifer® on the one hand, and ferns 
and mosses on the other. Lindley^s Natural System of Botany, 
p. 313, 

Lepidodendron. This fossil plant approximates in its char- 
acter to the Lycopodiaceae : or rather, it seems to be intermedi- 
ate between the club moss tribe, and the coniferse or pine tribe. 
It is abundant in the coal formation, where it is sometimes 
found from 20 to 46 feet long ; and M Ad. Brongniart has de- 
scribed 34 species. The genus is wholly extinct. Fig. 40, 
will convey some idea of these plants. 
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Fig.40. 
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Lepidondendron, 



Rem. The Lepidodendra fill up a 
chaam in the existing series of plants, 
between flowering and floweriesa 
plants, better than any living genus. 
Similar blanks in the existing organ- 
ization are filled by other extinct ge- 
nera of organic remains. Lindley and 
Hutton's Fossil Flora, Vol. 2. p, 53. 



Equisetacea, 

Descr. Living plants of this 
tribe are called horsetails ycat-taibj 
scouring rushes^ &c : and although 
of frequent occurrence in all cTi- 
mates (the most frequent in the 
tennperate zones) they are of di- 
minutive size, even in the torrid 
zone, compared to those found foft- 
sil. The latter are divided into two 
genera, Equiselum and Catamite*: 
the former corresponding very 
nearly to living equiseta, hut the 
latter differing a good deal in struc- 
ture and size ; being much larger 
than the equiseta. Fig. 41, is « 
Calamites destitute o]fie»Yvp, 



Fi?. 41. 




CalamUeSt 

Plants in the Older Strata not yet referred to any Hvin^ 
Classes with certainty 

Sigillaria, 
Descr, The Sigillaria are large trunks, from half a foot 
to three feet in diameter, and from 50 to 60 feet long, covered 
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usually with flatlngs and scars. BroDgniart enumerates 42 
species ; and regards them as closely allied to arborescent 
ferns : But Lindley and Hutton offer good reasons for supposing 
them dicotyledonous plants, different from any now on the 
globe, yet approaching the Euphorbiae and Cacteae. Fig. 42, 
represents the flutings and scars of one of these plants. 
Fig. 42. 




Sigiflaria, 



Descr. Several other extinct genera, with scars similar to 
those on the Sigillaria, that is, arranged in vertical rows, oc- 
cur in the same rocks, and are probably Coniferse. Fig 43, 
shows a portion of one called Ulodendron. 

Fig. 43. 
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De$cr* Another very extraordioary fossil plant of the coal 
formation, is called Stigmaria. It consists (Fig. 44 J of a dome 
shaped centre, three or four feet in diameter, from which pro- 
ceeded branches 20 or 30 feet long, covered with tubercles, to 
which were attached cylindrical succulent leaves It was prob- 
ably an aquatic plant, which floated in the water, or trailed in 
swamps. It is thought to have been dicotyledonouSf 




Descr. Another remarkable and beautiful tribe of plunta^ not 
•nnfrequent in the coal formation, has ivhorled leaves like the 
flower of the Aster : hence one genus is called Asterophyllites- 
Fig. 45, shows one of these from the coal mine in Mansfield| 
Massachusetts. 

10» 
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CONIPEKOim PLANTS. 

Fiff. 46. 



••vK*^. lm'J»'i 




Caniferis and Cycadeee* 

Uescr, Coniferse and Cycadeae are the only two families of 
plants whose seeds are originally naked. Hence they are called 
Gymnospermous Phanerogamia The Coniferse under the name 
of Pines, Araucarias, &c. constitute a large and important part 
pf the existing trees of all climates: and they occur in the 
rocks of all ages. More than 20 species have been found in 
the tertiary strata, 13 species in the oolite and lias, 4 (of volt- 
zia) in the new red sandstone, and several in the carboniferous 
formation. Mr. Witham has figured the trunk of an Araucaria, 
47 feet long, from Cragleith quarry in the carboniferous lime- 
stone near Edinburgh. Witharn'^s description^/ a Fossil Trety 
^c. Edinburgh^ 1833. Araucarias are found fossil in Great 
Britain alone ; but genuine pines occur in the coal formation in 
Nova Scotia and JNew Holland. The four living species of 
Araucaria that have been described, occur in tropical climates 
south of the equator. 

Descr, Sometimes the trunks of these gigantic trees, fW 
well as of some of the other plants that have been described, 
are found standing erect, rarely in the very place where they 
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grew : but grenerallj they • ppear to have been transported, and 
to have assumed an uprigh position by the greater specific grav- 
ity of the roots. Fig 46, shows the stumps of an ancient for- 
est of Coniferffii with the i oots imbedded in the black vegetable 
mould in which they fi:r w ; the whole being now converted 
into stone. The section was taken in the Isle of Portland, Eng. 



Fig. 46. 




Stone. 









Subterranettn Forest : UU of Portlan4» 



Descr. The CycadesE are a remarkable family of planta, 
occupying an intermediate place between Palms, Ferns, and 
Coniferae ; filling up an important link between dictyledonous, 
monocotyledonous, and acotyledonous vegetation. Only two 
genera and 22 species are known as now living upon the globe. 
Bat during the deposition of the rocks above the coal, they 
formed a large part of the vegetation. For out of 70 species 
of land plants found fossil, during this period, 29 species are 
cycadesB, referable to 4 genera. They have lately been found 
also in the coal formation. The living species mostly grow in 
tropical climates. Fig. 47, represents a living species of these 
plants. 

Prin. It IS probable that dicotyledonous plants, as well as the 
frailer kinds of flowerless ones, such as fungi, and mosses, may 
have been more abundant in the earlier periods of geological 
history, than the specimens of these plants found fossil would 
lead us to infer. 
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Fig. 4T. 




Proof. Most organic remairui must havo been perserved in 
urater, or at least in wet sand, or mud. Now Prof. L ndlej, 
having immersed in a tank of fresh water 177 species of living 
plants for more than two years, arrives at the following con- 
elusions. 

^^ 1. That the leaves and bark of most dicotyledonous plants 
are wholly decomposed in two years, and that of those whicli 
do resist it, the greater part Conifer«e and Cycadce." 

** 2. That Monoctotyledons are more capable of resisting the 
action of water, particularly Palms and Scitamineous plants ; 
but that grasses and sedges perish." 

** 3. That Fungi, Mosses, and all the lawest forms of vegeta- 
tion dissappear." 

*^ 4. That ferns have a great power of resisting water if in 
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a green state, not one of those submitted to the experiment kar* 
ing disappeared ; but that their fructification perished.'' Buck* 
kmd^s Bridgwater Treatise^ Vol 1. p, 480. 

Rem. 1. It IB interesting to observe that by this experiment those plants 
were most enduring in water, which we find most abundant in a fossil 
state. Yet some circumstances prevent us from infering with certainty 
that all the more frail and the dicotyledonous species perished in the 
process of petrifaction. If a corresponding experiment had been ma4e 
with these plants in wet mud, or sand, and another in salt water, or saH 
mud, these results might have been somewhat modified, and probably 
in nearly every case where plants are carried to the bottom of water, 
they are covered by mud in a shorter time than two years ; and most 
of those preserved in the rocks, were fossilized beneath salt water. 
Other substances, as iron, or lime, in solution in the water, might essen- 
tially nH>dify the experiment. After all, however, the experiment does 
■how us that we must not place too much dependence on the relative 
numbers of different classes of fossil plants, as hitherto discovered. 

Rem. 2. Other peculiar and interesting plants occur in a fossil state ; 
as the Pandaneee, Palms, &c., but the limits of this treatise do not per- 
init their introduction. 

- Rem* 3. The great size of many fossil plants and the vast ac» 
eumulaiioQS of carbonaceous matter in the coal formation render 
it probable that the vegetation of the early periods of the globe 
was £ar more abundant than at the present day. Yet as the treea 
were mostly without flowers, and unenlivened by the presence 
and voices of any vertebral animals, the landscape must have 
presented a very uniform and sombre though imposing aspect : 
better adapted to a state of preparation for the higher orders of 
animals J thaiLfor^their actual existencf^435etter adapted top^ 
pare fuel for man, than for his happy dwelling. 

Rem. 4. A recent discovery has enabled geologists to ascertain with 
greater certainty and ease than before, the nature of fossil plants. The 
different families of living plants are distinguished not merely by exter- 
nal characters, which mostly disappear when petrified, but by a corres* 
ponding anatomical structure ; chiefly by the form of the minute ves- 
felfl, of which they are composed. Now it is found that these vessels re- 
tain their form when petrified. Hence by cutting a fragment of fossil 
wood very thin, and polishing it, a cnicroscope will show these vessels, 
and thus enable the enquirer to determine the nature of the plant. For 
this discovery we are indebted to Mr. Witham, who has given directions 
for preparing fossil wood for such an examination. Witkam's Ohaerea* 
turns on Fossil Vegetables^ ^e. EdinJmrghy 1831, QtMrto. 



ANIMALS. 
1. RADIATED ANIMALS. 

Descr. This extensive class of animals are the most simple of 
aoy in their organization, and the most removed from com* 
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mon obseryation in general. They are distinguished by 
their radiated structure : though in some of the first Order, the 
£chinodermata, it has been lately shown that they possess some-* 
what of a ** bilateral symmetry," like the higher orders of ani- 
mals. The whole class are frequently denominated Zoophytes* 
Descr. The number of zoophytes in a fossil state is very large ; 
and in almost every case, they differ specifically, and frequently 
generically, from existing species. I shall notice those chiefly 
that are most unlike such as now live on the globe. 

Crinoideansj or Encrinites* 

Descr, These animals have long attracted attention from their 
peculiar structure and the immense quantity of their remains in 
some limestones called Entrochal or Encrinal Marble. They 
belong to the first order of Radiata, or the Echiuodermata. They 
are exceedingly rare among living animals, but two species, the 
Pentacrinus Caput MedusacDy and the Comatula fimhriota^ that 
have been discovered in the ocean, have thrown much light upon 
those that are fossil. Mr. Miller, who has written an excellent 
work, entitled the Natural History of the Crinoidea^ has divided 
them into nine genera. The two genera that have attracted 
most attention are the Encrinites moniliformis^ or Lily Encrirdtej 
or Stone Lily^ and the Pentacrinus Briareus, The former 
consists of a vast number of little joints, or bones, form- 
ing a column^ (which may be called the vertebral column, 
although these animals are in vertebral,) for the support of 
a cup-like body, containing the viscera, and from whose mar- 
gin proceed five articulated arms, dividing into tentaculated 
fingers, more or less numerous, surrounding the mouth. The 
animal was fixed at the bottom of the ocean, or to a piece of 
wood, and merely moved as far as it could reach by bending its 
very flexible column, which was admirably fitted for this pur- 
pose. The number of little bones, or joints, composing the head 
alone of this species, is estimated at 36,000. These bones are 
perforated and are used sometimes for rosaries. This animal 
relic is shown in Fij. 48. 



Digitized by 



Google 



rSlffTACBINITE. 



119 



Fig. 48. 







Descr* The stem of the Encrlnite was circular, but that of 
PefUcLcrinitey pentagonal. The latter, also, had usually a greater 
number of side arms and of joints. One of the most remarka- 
ble of them was the Briarean Pentacrinitej (Pentacrinus Bria* 
reus) so called on account of the great number of its hands 
or tentacula. The bones in its fingers and tentacula, amount 
at least to 100.000 : and those of the side arms, to at least 
50.000 more. And since each bone must have had two set 
of muscular fibres for contraction and expansion, the bundles 
of fibres in the whole animal must have been as many as 
300.000. This vastly exceeds the muscular apparatus in any 
other arimal. What a contrast to man, whose bones are only 
241, wi h 232 pairs of muscles ! 

Fig. '9, shows another genus of this family, the ^pwcrinites or Pear 
Encriniie, It is represented as restored, and situated as if in the 
water. 
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Fig. 49. 




Fear Emcruate^ 



Rem. More than 30 species of Crinoideans have been found in 
the rocks from the coal formation downwards : but none of these, with 
one exception, had a pentagonal column. Those of this form began 
to appear at the epoch of the Lias, and have continued to the present 
day. 

DescT. Polypi^ PolypiferSy or Polypana^ are those mi- 
nute radiated animals that have the power of secreting carbon- 
Fig. 50. ate of lime, and thus of building up 
large stony structures from the bot- 
tom to the surface of the ocean. 
^They swarm in immense numbers 
^ in the seas of tropical climates, and 
form coral reefs which sometimes ex- 
tend hundreds of miles. They seem 
to have existed in all ages, and to 
have formed similar deposits, which 
are now ranked among the lime- 
stones. Figs. 50, 51, and 52, show- 
several living species of these ani- 
mals as they are attached to their 
stony habitations. 

Polfparia, 
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Fig. 51 



Fig. 62. 




v^ 



Polyparia. 



Descr. The tentacuU of these ammals are prcfvided with 
cilia or minute hairs on their margins, which are capable of 
being rapdly moved, so as to keep currents of water in motion, 
that food may be conveyed lo their mouths. Immense numbers 
of the polyparia unite in building up a single habitation, and they 
do this as if influenced by one instinct : so that the structure 
rises with the most symmetrical proportions. Hence it is still 
a question, whether all the animals upon each structure are not 
to be regarded rather as one compound animal. In the Flustra 
carbasea each polype has usually 22 tentacula; and on these, 
2200 cilia. An ordinary specimen of this species will contain 
18.000 polypi ; and of consequence, 396.000 tentacula, and 39. 
600.000 cilia. On the Flustra foliacea, Dr. Grant estimates 
400.000.000, cilia. Roget^s Bridgewatcr Treatise. > Vol 1, 
p. 122. 

Descr, These polyparia mostly multiply by buds, called 
gemmules, which grow like the buds of plants from the parent, 
and after a time fall off and become distinct animals. A single 
polype in this mode may produce a million of young in a 
iBonth. They may also be multiplied by division, when each 
separate part becomes in a short time a whole animal. Diffe- 
rent parts may also be made to grow together, and monsters of 
every form be produced. The Hydra is one of the genera of 
polypi; and by taking the heads of several individuals, and' 
grafting them to one body, a Hydra with seven, or any other 
number of heads, may be produced. 
11 



Digitized by 



Google 



122 ! LIVING ISTFITBOBIA. 

Descr. Small as these animals are, they have nevertheless 
effected important geological chauges on the globe : for some 
of the most extensive rock formations appear lo have resulted 
from their labors. But the next tribe of animals, which is 
to be described, furnishes still more striking evidence how pow- 
erful an agency the minutest of all beings are able to exert 
upon our globe. 

Infutoria. 

Vescr, These animals are not discernable, with a few ex- 
ceptions, but by powerful microscopes : and as they usually oc- 
cur in some sort of infusion, they have been called Infusoria; 
though they generally go by the name of Animakula. The 
recent astonishing discoveries of Ehrenberg, a Prussian natu- 
ralist, have given a new aspect to this department of animated 
nature, even in a geological point of view. He has described 
722 living species, which swarm almost everywhere, even in 
the fluids of living and healthy animals, in countless numbers. 
Descr, Formerly they were thought to be the most simple of 
all animals in their organization : to be in fact little more than 
mere particles of matter endowed with vitality ; but he has 
discovered in them mouths, teeih, stomachs, muscles, nerves,- 
glands, eyes, and organs of reproduction. Some cf the smallest 
animalcula are not more than the 24.000th of an inch in 
diameter ; and the thickness of the skin of their stomachs, not 
more than the 50.000.000th part of an inch. In their mode 
of reproduction they are viviparous, oviparous, and gemmipa- 
rous. An individual of the Hydatina senta increased in ten days 
to 1.000.000: on the eleventh day, to 4.000 000; and on 
the twelfth day, to 16.000.000. In another case Ehrenberg says 
that one individual is capable of becoming in 4 days, 170 
billions ! Am, Journal of Science j Vol. 35. p, 372. 

Descr. Leuwenhoeck calculated that 1.000.000.000 animalcu- 
la, such as occur in common water, would not altogether make 
a mass so large as a grain of sand ; Ehrenberg estimates that 
500 000.000 of them do actually sometimes exist in a single 
drop of water. 

Descr. In the Alps there is sometimes found a snow of a red ' 
colour ; and it has been recently ascertained by M. Shuttleworth, , 
that the colouring matter is composed chiefly of infusoria, with 
some plants of the tribe of Algae. And what is most singular, is, 
that when the snow has been melted for a short time, so as to 
become a little warnier than the freezing point, the animals die, 
because they cannot endure ^o much heat ! Bibliotheque Univer^ 
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}0ei)e de Oeneve^ /or' February ^ iS46; as quoted in Etudes svr ks 
GiaeierSypar A^ssiz^p. 62. Neurhatel^ 1840. A spt-ciinen of 
mel€9iic paper "which' t'e[\ from the sky in Courland in 16S6,has 
•been examiiied by Khrenberg, and found to consist, like the red 
Know, of Conferva and Inja^ria. Of the latter, he found 29 
species Amuih aitd Mag. of Nat, Hisk)ry^ No, 16, je>. 185. 

\Ikescr, rSurprisiug as these facts are, it will perhaps seem 
jslill mone ioeredible, that the skeletons of these animals should 
4)6 ibund in a fossil state, and actually constitute nearly the 
,whole mass of soils and rocks seyerai feet in thickaess, and ex- 
tending over areas of many acres. Yet this too has been ascer- 
tained by the same acute Prussian naturalist. The following 
formations, he says, are of this description. 

1. Bog' Iron Ochre. ^ 

2. Kieselguhr, a siliceous incrustation, from > Alluvial. 

hot springs. ) 

3. Polierschiefer^ Polishing Slate, a variety i 

of Tripoli, or rotten stone. > Tertiary. 

4. The Semi -opal of the PoJierscheifer. ) 

Probably of ^ 5. Semi-opal of the Dolerite, ^ Secondaiy. 

the same > 6- Precious Opal of the Porphyry, > and 
nature. ) 7. ^lint of the Chalk. ) Primary. 



Descr, Some of the above substances occur in large quan«» 
tity. The polishing slate iox example, at Bilin in Germany^ 
forms a bed 14 feet tkick, and tiie eatable infusorial earth near 
Lunebourg, a bed above 20 feet thick. Yet it would take 41. 
000 millions of these skeletons to make a cubic inch ; their 
weight being only 220 grains ! A sin^e shield or skeleton 
weighs about the 187 millionth part of « grain ! 

Descr. The animalcula differ from all other animals, in 
having their softer parts protected by a shield, or skeleton, 
which may consist either of silica, lime, or oxide of iron. 
T^ese shields, of course, will not be altered by the strongest 
beat; and a though some of the rooks above named, have been 
subject to heat, the skeletons often remain very entire, amd 
therr organic structure is very obvious through a powerful glass. 

Descr, In New England and New York, the siliceous mart 
(Ae/^m^/, or ^untain Menly\ already descri1;]ted ^ occurring 
benefltfi peat in swamps, has heei^ recently shown \>^ Prof. J^ 
W. Bai4ey , of West Point, ta be alnttost entirely ma$de up (^ th^ 
fossil skeletons of lnftsoi[«a, belonging to the faoHly of Baccil*' 
kme : some of whieh appear to be identical with those found i)y 
Bhrenberg in XJermany . Fig. 63, shows a group ^ these 'fotsA* 
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skeletons, sketched by Prof. Bailey, as they appear trheii dif- 
fused in water, under the microscope. American Journal oj 
Science^, Vol 35, p, 118. Deposits of this siliceous marl are 
very common in Massachusetts ; and all hitherto examined, 
contain vast numbers of these relics : indeed, they constitute 
nearly the whole of the deposits I have examined specimens 
from Spencer, Pelham, Barre, Manchester, Fitchburg, Wren- 
tham, North Bridgewater, and Andover. Professor Bailey has 
0'iyen a detailed account of the species from these localities, 
with drawings, in my Final Report on the Geology o/MasMachu-^ 
Htts, Vol2.p.3l0. 



Fig. 63. 




fossil TnfMona* 

Deacr. Of 80 species of fossil Infusoria discovered by Ehren- 
berg, nearly one half belong to extinct species. Those in the 
recent strata, are all fresh water animals ; but those in the 
chalk, are marine. London and Edinburgh Philosophical MagU" 
rine^forMay^ 1839,/). 277. 

Deter, ^^ The fossil animalcule from iron ochre Is only the 
ope twenty first part of the thickness of a human hair ; and one 
cubic inch of this ochre must contain one billion of the skeletons 
of living beings." Wonders of Geology ^ Vol. 2. p- 689. 

Descr, The ferruginous scum that appears upon jibe water 
dT some springs, as well as the red deposit at their bottomi it 
•aid to be composed chiefly of the remains of aninialcula. 
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2. ARTICULATED ANIMALS. 

Descr, The animals of thi!< class are distinguished by bavins 
envelopes connected by annulated plates or rings 

Examples. The earth worm, blood sucker, lobster, crab, horse shoe, 
spiders, scorpions, insects. 

Rem. Excepting the insects, of which more than lOQ.OOO Hvinff 
species are already known, the animals of this clas3 a^e not numerous |^ 
and but few of its tribes are found in the rocks.. 

Insects* 
Descr. Until recently, no insects bad been dfecovered low«r 
in the rocks than the Oolite : but two species of Coleoptera, 
and one of Corydalis, have of late been dijsinlerred iii the coal 
fornnation. Buckland^s Bridg^water 2Vca/w«, Vol. l./>. 409. 
Not less than 25 species occur in the Oolite, sev^rs^l in the 
Wealdeu, and 2^4 species in a fresh water fornjationof the Ter- 
tiary group. Bron7i*s Lelhma Geognostica^ p. 811. Annals and 
Mail. Nat. Hist. Feb. 1841, p 495. 

Rem. If there is any probability that insects were numerous in early 
times, and no sufRoient reason can be given to show that they were not, 
it may seem strange that their remains so rarely occur. But in the first 
place, a large part of these animals are too frail to be preserved in a 
fossil state. Secondly, only one or two species of insects are found in 
salt water, which is the principal medium by which organic remains 
have been preserved : and thirdly, they are so light as to sink with 
difficulty in the waters, while a great number of insectivorous animals 
are watching to devour them, as they float along on the surface. 

Arachnidans^ or Spiders and Scorpions. 
Descr. The scorpion has recently been fouud in the coal 
formation in Bohemia, by Count Sternberg; s^ud is the first ei^- 
ample of this animal in a fossil state, Spiders h^ye not been 
found lower than the Oolitic series, where only two species are 
recognized ; but in the fresh w^ter tertiary seve^^i species 
occur. 

Ctusiacedn^,, 
Descr. Crustaceous animals are not common in the rocks i 
yet the King Crab {Ldmutus,) so abundant on the coast of New 
England, has been Jfound in the coal furmatioq, and also in the 
Oolite, where other animals of this family occur. But the most 
remarkable animal of this class is extinct, viz. 
The Trilobite. 
Descr. This singular animal, which is found in the older 
fossiliferous rocks, in all the northern parts of Europe, in North 
and Souih America, and at the Cape of Good Hope, was long 
confounded with insects. But it was at length ascertaii^ed that 
It corresponded most nearly to the living genera of Cruslacean8| 
the Scrolls, Limulus, and Branchipus. Figs. 54, and 55, represent 
U* 
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two genera of trilabiies, out cof the iso Tgeofra and 52 species 
that are JfiDown. ll will be seen that this animal is composed 
of a shield covering the anterior part of the body, while the 
abdomen has numerous segments which fold over one another 
like those on a lobster's tail. By this arrangement some ef;th<e 
ipecies bad ihe power 'to roll themselves up likethe wood louse, 
tnr the armadillo, and thus of defending themselves against ene- 
mies. These animals are usually from one to six inches long, and 
are divided by longitudinal furrows into three lobes ; and hence 
their name.. They seem to have be^n destitute of antennse,'and 
Ttheir legs, which were soft, and which answered the purpose of 
legs and ^wings, have disappeared. 

Descr By far the largest trilobite yet described , is the Tsotehm 
maximus yfoQnd in Ohio, and figured by Professor Locke, in the 
iSecond Annual Report on the Geology of that State, p. 24S. Its 
^mitire length ie 21 inches ! 

Fig. 64. 



Fi«r- ^5- 




M$$t»rtsfi»n nf Ptaradoxoide* Tesnni pf Brongm 
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tf "^e globe, being mos*i common in the gray we^e. A i<^ 
(Species occur io the carboniferous strata; dbove tirhidh, no^'a 
trace of them has been discovered. In the carboniferous strata 
they are accompanied by the Linnulus. This latter also occurs 
in the Oolitic group, with other Crustaceans of a higher order. 

Descr, Perhaps the most curious fact respecting the trilobites, 
is the discovery of their eyes, which are sometimes perfectly 
preserved. It is well known that the eyes of crustaceous ani- 
mals, like those of insects, are made up of a vast number 6f 
&cets, or lenses, placed at the end of tubes, which are arranged 
side by side, so as to produce a radiating mass of eyes, which 
being generally of a hemispherical or conical form, and some- 
times elevated from the head on a stem, enable the animal to see 
in every direction ; although their eyes have no motion. Ih 
•some insects the number of these lenses in both eyes, as in th)d 
housefly, is 14.000: in other cases, (the dragon fly,) 25:000: 
in others, (the butterfly,) 35.000 : in others ^^the Mordella,) 
50.000. But in the trilobite they amount only to about 800. 
The whole mass is of a conical shape as is shown in Fig. 56, 

Fig. 56. 




B$ea qftki TVUchiU, 



3. MOLLirsOA* 



Descr. The Molluscous animals compose the third great 
class of those that are invertebral, reckoning from the least to 
the most complex. This class embraces those animals that are 
destitute of a spinal marrow, or articulated skeleton ; but whose 
muscles are attached to a calcareous covering, called a shell ; 
or to a soft skin externally, and to a hard body within, analo- 
fCOus to shells. They are most abundantly drfiiised among 
living animals ; and the great number of their remains in the 
rocks, proves, either that they were more numerous than other 
animals in early times, or that they were more readily preserved. 
Perhaps we must call in both circumstances to explain the &ct. 
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R&m. 'The science that describes molluscoas aniinals is called Can^ 
fkology : and from this science g^eology derives the greatest aid. Even 
its fundamental principles cannot be described in this treatise : nor, in* 
deed, but a few of the vast number of shells that are found in a fossU 
state. Some of the most remarkable will be selected. 

Chambered Shells, 

Descr, These are univalve shells, which are divided into 
numerous compartmenls, or chambers, by cross partitions ; as is 
shown in Fig. 57, which is a section of the common Nautilus 
pompilius. These partitions are all perforated by what is called 
the siphuncle^ which consists mostly of a membrane, having 
the form of a tube, and being so firmly fastened to the parti- 
tions that no air can pass by it into the chambers. The ani- 
mal resides in the outer chamber, and is connected with the 
others only by the siphuncle. Around the heart of the animal 
is a sac, which may contain fluid enough to fill the siphuncle. 
.Now trie object of this structure is to enable the animal to rise 
or sink at pleasure in the water. When the sac around the 
heart is filled with fluid, the siphuncle is empty, and the air in 
the posterior chambers expands, so as to cause the shell to rise 
and float in the water ; but when the animal withdraws its arms 
into the shell, the fluid in the sac is compressed, and forced 
into the siphuncle, which condenses the air, and thus the animal 
is made heavier than the water, and sinks. In short, he rises 
and sinks in exactly the same manner as a water balloon* 



Fig. 67. 




^autihu. 



Rem. Although the Nautilus has attracted great attention from the 
earliest fmes, it is only within two cr three years that Pr. Buckland 
first discovered the true explanation of the manner in which it could 
rise or sink at pleasure in the water. Bridgewater Treatise^ Vol.l.p» 
825. Mr. Owen, however, doubts the correctness of this explanation. 
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Ammanites* 

Descr, With the exception of one or two species of NautiluSy 
all the larger species of multilocular or chanribered shells have 
disappeared from the earth, although in early times they were 
very numerous and widely diffused, and often of enormous size 
They resembled the Nautiliis in general form and structure, al« 
though generically different ; and they are sometimes found 
more than four feet in diameter, h igs. 58, 59, represent two 
species of Ammonites. 

Fig. 68. Fig. 69. 





Details. Brochant enumerates 270 species of ammonites i Phillipi 
mentions 274, which he distributes as fallows: In Graywacke, 17: In 
,the Carboniferous System, 33 : in the Saliferous System, 3 : in the Oolitic 
System, 164 : in the Cretaceous System, 57 : in the Tertiary Strata, o ? 
IVeatise on Geology , Vol. 1.;^. 83. 

Descr - It is well ascertained that in some chambered testa- 
cea, the shell is contained within the animal; as in the Spirula 
Peronii^ Fig. 60. This appears to have been the case with 
several extinct genera, as the Orihoceratite, Lituite, BacQlite, 
Hamite, Scaphite^ Turrilite, Nummulite, and Belemnite. 



Fig. 60. 




Sfiruta Ptr^mi* 
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Orthwiern^Ue, 

^Deaer, As its name implies, this was a straight shell divided 
'liy transverse septa into channbers, of which nearly 70 have 
.iioi»eU«ies been couBted. It has been found a yard in length, 
and half a {qot in diameter ; forming a floaty wh\th would hat^e 
-b^en isufficient for an animal ifar larger than any existing 
' cephalopod. jFig. .61 ,- shows the- shell of an orthocera with oae 
{0f Abe se^ta. 

Fig. 61. 




XhiAoeera, 

T$/ The great sixe of these shells,-as well -as ^f .Ifae^HUmon- 
ites, confirms the views already presented of the existence of a 
very war^ climate when they were alive in northern seas. 

Rem. Not less than 20 species of orthoceratite .are fokund in the gray- 
wacke,\and 28 in the carboniferous group. They have -not been found 
in any later rook. 

Belemnite. 

Descr. This internal shell resembled a conical arrow, witii a 
isavitjy of^iinilarishape, in which was a thin horny (fith6alh,aod 
'Within thiA, a thin cantcal chambered shell, or aheelm. h -vras 
TproBiridedj.alsOyievith an iak bag, like the living Sepia, or Cattle 
Fish, as a defence against enemies, or rather, as ta means of 
making good its retreat. These shells are found only in the 
tjoliteand'thedhivlk, and 83 species have been described. 

IFig. -(^. 'shows an -imagmary restoration of the^Belemnosepia, as made 
% Dhr..^cklttiAi. (MridffewaUr Vrca^se^ "Vol. ^. jtlate AA. Jig, 1.) ex- 
hibiting therHiaiiatl'wi^ tine lio^rfial «heU;«iid.ink bag. 
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Fig. 62. 




N^jLirnnuht'es. 

Descr. These extinct shells - 
are so called from their re- 
semblance to money. They, 
are generally of very diminu-. 
tive size, and belong to what 
are called the foraminated 
polythalamoiis^ or many cham- 
bered shells. They are chiefly 
remarkable for their vast num- 
bers, constituting often almost^ 
the entire mass of vrhold 
mountains, in the tertiary and ' 
newer secondary limestones. 
The Sphinx and someofthe^ 
pyramids of Egypt are com- 
posed of nummulitic lime- 
stone. Fig. 63, exhibits a 
species of nummulite. 
Fig. 63. 



LoUgo or Cuttle Fish. 

Descr. It is well known 
that the Cuttle fish, (Sepia or 
Loligo,) is^ provided with a 
bag uf ink within its body, 
from which the sepia used in 
painting is obtained ; and also 
with an internal bone, or in 
some species, a mere thin cat- 
- ' tilaginous substance like born, 
that resembles a quill Both 
the ink and the pen of the Loligo have recently been discov- 
ered in a fossil state, in England. Backland^s Bridgewater 
Treatise^ Vol. I. p. 303. 
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Rem. It is a very carious fact, that a substance so easily destroyed aa 
ink, should have been so perfectly preserved in the lias limestone 
of Lyme Regis, that after thousands and perhaps ten thousands of ages, 
it can be extracted, and the paint formed from it cannot be distinguished 
from the best which artists now prepare ! It is also interesting to learn 
that for this discovery we are indebted to the industry and skill of a lady 
([Miss Mary Anning,) who, with others of her sex that might be named, 
is doing much for the science of Geology in England. 



Bivalve Shellsj mostly extinct, 

Deser. Of the Terebratula, (Fig. 64,) 30 species have been found in 
the gray wacke ; 21 in the carboniferous system ; 14 in the new red 
sandstone ; 49 in the oolite ; 57 in the ehalk ; 18 in the tertiary strata, 
and 12 among living molluscs. 

Deser. Of the Producta, (Fig. 65,) 21 species are found in the gray- 
wacke ; 36 in the carboniferous system ; and in the new red sandstone, 
7; noneubove. 



Fig. 64. 




TerehratuU, 



Fig. 65. 



Fig. 66. 




Produeta, 



Spirifer, 



Deser. Of the Spirifer, Fig. 66, which shows the spiral appendages 
within the shell as well as the external appearance, 37 species are found 
in the gray wacke, 43 in the carboniferous system, and 7 in the red sand- 
stone : none above. 



Digitized by 



Google 



FOSSIL FISHES 193 

TERTEBRAL ANIMALS. 

Descr. This extensive division of the animal kingdom 
embraces those animals whose organization is the most perfect^ 
with man at their head. A cranium, and vertebral column, which 
encloses the principal part of the nervous system, and a regular 
skeleton, covered by muscles, constitute the principal anatomi- 
cal distinctions between this class and the three that have already 
been considered. Tt is divided into four well marked tribes : 
1 Mammalia. 2 Birds. 3 Reptiles. 4 Fishes. 

Fishes. 

Rem. Ichthyology, or the history of fishes, has received sach 
neat improvements from the labors of Professor Agassiz, as developed 
in bis great work now in the course of publication, entitled Rechcrches 
9ur Us Poissons Fossiles, par V Agassiz^ fyc. that it may almost be 
regarded as a new science. Especially is this the case in respect to fossil 
Ichthyology. 

Descr, The number of living species of fishes now known, 
•mounts to about 8000 : and the number of fossil species to 
more than 850. Buckland?s Bridgewater Treatise^ Vol. I, p. 267. 

Descr, Fishes are found in all the great rock formations 
from the gray wacke upwards : — ^a fact which is not true of any 
other class of vertebral animals ; and therefoie, the history of 
fossil fishes becomes of great importance. 

Descr. Agasstz divides fishes into four Orders; derivii^ 
their characters from the scales : 1. The Placaidiansj or those 
whose skin is covered irregularly with plates of enamel (from nXa^ 
a broad plate.) 2. The Ganoidians; {from yavog splendour^) ot 
those having angular scales of Horny or bony plates, covered 
with a thick plate of enamel. 3. The Ctenoidians^ {xreig a comb^) 
or those having jagged or pectinated scales. 4. The Cycki* 
dians (xux^o^ a circle^) or those havingscalessmooth and simple 
at their margin. 

Descr. Three fourths of the existing species of fish belong 
to the two last orders, whose existence has not been ascertained 
below the chalk : the remaining fourth belongs to the two first 
orders : which are not at all numerous now, but existed alone 
in all the periods during which the fossiliferous rock below the 
chalk were deposited. Agasstz in the American Journal qf 
Science^ Vol. 30. p. 39. 

Prtn. Not one species of fish has yet been found that is 
common to any two of the great geological formations ; or it 
now living in the ocean. 

Prin. Fossil fishes do not change insensibly as we pass verti- 
cally from one formation to another, but abruptly ; and these 
changes occur simultaneously with those in other classes of 
organic remains. 
12 



Digitized by 



Google 



134 FOSSIL FISHES. 

Inf, Hence the conclusions that have heen made from the 
history of other organic remains, are confirmed by this new 
branch of Palajontology. 

Descr* Beluw the chalk not even any genus is found that em- 
braces any living specif s : those of the carboniferous strata dis- 
appear with the deposition uf the new red sandstone : those in 
the oolite, introduced after the epoch of the new red sandstone, 
suddenly vanish with the appearance of the chalk. Two thirds 
of those in the chalk and one third of those in the lower tertiary 
strata, belong to genera no longer existing. American Journal 
of Science^ Vol. 30. p. 40, 4 K 

Rem. This constancy in the character of fossil fishes has enabled M. 
Agassiz to determine the true situation of several groups of rocks in 
the geological scale, that geologists had been unable to fix ; or had put 
them in the wrong place. 

Prin. In some of the groups of animals preserved in thp 
rocks, certain types of organization predominate ; and such 
was the correlation between different species, that they often 
conform more or less to the prevailing type. 

Exam. 1. In the older fossiliferous rocks, trilobites occur in great 
quantities ; and in the old red sandstone is found a genus of fishes approach 
ing in form to'the trilobites. Fig. 67. exhibits a species of this kind. 

Fig. 67. 




Cfplialaspis Lyellu, 
Ex, 2. In the secondary strata, during the deposition of the oolite, 
especially, saurian reptiles prevailed exceedingly. Agassiz has described 
17 genera of sauroid fishes, found in ail the formations from the carbo- 
niferous upward, except the tertiary : but only two genera remain among 
living fishes : viz. the Lepidosteus osseus^ or Bony r ike of North Ameri- 
ca; t>f which there exist five species ; and the Calypterus of two species. 
Some of these sauroid fishes in the rocks were of enormous size ; their 
teeth being larger than those of the living crocodile. 

Sharks. 

Descr. These fishes occur in a living state. all over the globe ; 
and there seems to have been no period in geological history in 
which they did not prevail. IVIore than 150 species have been 
found fossilized. I> ig. 6S, shows a shark's tooth of enormous 
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size, found in Lenoir County, North Carolina, by Mr. John 
Limber. Estimating the size of the animal by the rules given 
by zoologists, its length must have been between 70 and 100 
feet. 

Fig. 68. 




MkmrkU TVoa, Jfatural Site i Jforlk CoroKjM. 



Digitized by 



Google 



136 REPTILEb. 

Descr, Another singular variety of fish is found in all the 
strata below the lias, distiDguished by their heterocercal or un- 
syinmetrical tails ; that is, by tails whose upper lobe extends 
much the farthest, by the prolongation of the vertebral column. 
Fig 69, represents one of these fishes of the genus Palaeoniscus. 
Mo&t living fishes have homocercal or equally bilobate tails. 

Fig. 69. 



Palmmtacus. 

CoprolUes. 

Descr- The fecal remains of fishes and other animals which 
have been found frequently in several formations, have been 
called Coprolites. Sometimes they are found detached and 
sometimes in the body of the animal ; aud the information de- 
rived from them, as to the food, habits, &c. of the animals to 
which they belong, is of great importance. 

IlltLs. A Coprolite of the Ichthyosaurus was shown to Prof Agassiz, 
containing a small scale of a fish ; which he immediately recognized as 
haying belonged originally to a particular spot on the body of an ex- 
tinct species of fish ; and thus he ascertained the food of the Ichthyosau- 
rus. Buchland's Bridgewater Treatise^ Vol. 1 p. 191. 

Reptiles* 

Def' The remains of Reptiles in the rocks are perhaps more 
remarkable, and have excited more astonishment and incredulity, 
than those of any other class of animals. This is especially 
true of that tribe called Saurians; which in popular language, 
is nearly the same as Lizards ; though the Lizards properly so 
called, embrace only two genera of Lacerta. Guvier'^s Heqne 
Afdmalj Tome 2. p. 30. 

Saurians 

Descr, The most remarkable feature of the fossil saurians 
is their great size, as compared with those species still found 
upon the earth. The crocodile is the only exception to th'm 
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remark : the living species being probably as large as those th»t 
are extinct. But the true crocodiles did not begin to appear tiH 
the tertiary epoch. 

Descr. No fossil saurian has been found below the magnesiaa 
limestone of the nfew red sandstone system. It was not, how- 
ever, till the oolite and Wealden period that their number was 
large, and their developement complete. That may be truly 
called the Age of Reptiles ; or the Saurian Reign* At least 4() 
species of Saurians have been described already from the oolitic 
group, and 1 1 species from the Wealden Rocks. In all the 
. formations there have been found about 80 species. 

Def. Dr. Buckland divides the fossil Saurians into the Marine^ 
the Terrestrial, the Amphibious, and the Fljing. Bridgewatfr 
Treatiscy Vol. I. p. 165. 



Jcthyosawruf, 



Descr. This animal, sometimes more than 30 feet long, 
and of which 7 or iS species are known, had the snout of & 
porpoise, the teeth of a crocodile, (sometimes amounting to 
180,) the head of a lizard, the vertebrae of a fish, the sternum 
of an ornithorhynchus, and the paddies of a whale : uniting in 
itself a combination of mechanical contrivances which are now 
found among three distinct classes of the animal kingdom. 
One of its paddles was sometimes composed of more than 100 
bones ; which gave it great elasticity and power, and enabled 
the animal to urge its way through the water with a rapid mo- 
tion. Its vertebrse were more than 100. Its eye was enor- 
mously large : in one species, the orbital cavity being 1 4 inches 
in its longest direction. This eye also, had a peculiar con- 
struction to make it operate both like a telescope and a micro- 
scope : thus enabling the animal to descry its prey in the night 
as well as day, and at great depths in the water. The length 
of the jaws was sometimes more than 6 feet. Its skin was 
naked, some of it ha vino been found fossil : its habits were 
carnivorous, its food fishes and the young of its own species ; 
some of which it must have swallowed several feet in length. 
This fish like lizard was an inhabitant of the ocean. Fig^. 
70, eihibits a restored Icthyosaurus, by Mr. Hawkins. Memoin 
€f Icluhyosauri and Plesiosauri^ extinct Monsters of the anctenl 
•arth. By Thomas Hawkins j Esq. F.oHo tct/A28 plates. 
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Fig. 70. 




Plenosawrui. 

Descr. This animal, of which 6 or more species have been 
found, has the general structure of the Ichthyosaurus. Ita 
most remarkable differeDce is the great length of the neck ; 
which has 33 vertebrse : a larger number than in any known 
animal : those of living reptiles varying from 3 to 6, and those 
of birds from 9 to 23. 

The largest perfect specimen yet found is 11 feet long ; '^ith 
about 90 vertebrae. Its paddles were proportionally larger than 
in the Ichthyosauri. It was carnivorous ; an inhabitant of the 
ocean, or rather of bays and estuaries : where it probably used 
its long neck for seizing fish beneath, and perhaps flying leptiles, 
above the waters. Fig. 71, exhibits a restoration of uue of 
the most remarkable species, the P. DoHchodeirus^ by Mr. 
Hawkins. 

Fig. 71. 




Plesiosaurut, 



Hem, According to Dr. Harlan's Medical and Physical Researches, 
Ichthyosauri and Plesiosauri have been found in the secondary rocks 
of the United States. He has also described another gigantic reptile 
from this country under the name of Batrachiosaurus Missouriensis. 
Mining Review for January ^ 1839, |>. 10, 

Mosasaurus, 

Descr. Up to the time of the deposition of the chalk, the 
Ichthyosaurus and Plesiosaurus appear to have ruled in the 
ocean : but then they disappeared, and the Mosasaurus took 
their place, to keep the multiplication of the species of other ani-» 
mals within proper limits. It was most nearly related in its 
structure to the Monitor, a species of lia^rd now living. 
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While the head of the largest monitor does not exceed five inch* 
es in length, that of the Mosasaurus is 4 feet long ; and the 
whole animal 25 feet in length : while the monitor is only 5 
feet in length. It had paddles instead of legs \ and the number 
of its yertebrse was 133. 

MegalosawruS' 

Descr* This name (meaning a ^reat saurian j) has been 
given by Dr. Buckland to a gigantic terrestrial reptile, from 
40 to 50 feet long, allied to the Crocodile and Monitor in struc* 
ture, and found in the oolite. The animal was carnivorous; 
and in the structure of its teetA are combined the knife, the 
saw, and the sabre. Its principal food was probably crocodilet 
and tortoises. 

Iguanodon. 

Rem, For our knowledge of this most gigantic of all the reptiles of a 
former world, we are indebted to the industry and scientific acumen of 
Dr. Mantell, who found its bones along with those of the Megalosaurus, 
Hjleosaurus, Plesiosaurus, Crocodile, &c. in the Wealden Rocks in 
England ; a fresh water, or rather an estuary formation, extending over 
more than 1000 square miles. It must once have formed the delta of a 
large river, which has disappeared, as well as the country from which 
it originated. Wonders of Geology, Vol. 1. p. 368. 

Descr, This animal approaches nearest in its structure, es- 
pecially that of ihe teeth, to the living Iguana : a reptile of the 
warmer parts of this continent ; and hence its name ; signifyin 
an animal with teeth like the Iguana. Its average length couL 
not have been less than 70 feet, and Dr. Mantell thinks some 
individuals must have exceeded 100 feet : circumference of the 
body, 14.5 feet: length of the tail, 52.5 feet: do. of the hind 
foot, 6.5 feet : circumference of the thigh, more than 7 feet ! 
The form of the teeth shows it to have been herbivorous, like 
the living Iguana. It had a horn 4 inches long upon the snout, 
like some species of Iguana. Fig 72, which represents an Igua- 
na, will probably give some idea of the Iguanodon.* 

* In looking at Mr. Martin's thrilling picture, that forms the Frontis- 
piece to Dr. Mantell's Wonders of Geology, entitled The country of the 
iguanodon Restored, one cannot but be reminded of Milton's graphic 
description of Satan. 

" With head uplift above the waves and eyes 
That sparkling blazed, his other parts besides 
Prone on the flood, extended long and large 
Lay floating many a rood, in bulk as bu^e 
As whom the fables name of monstrous size. 
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Fig. 72. 




Ijpui»^ 



Ptcrodactyle, 

Rem. Of &11 the fossil animals probably this is the most heteroclitie, 
mnd at first view, monstrous. Hence anatomists were unable for a long 
time to refer it to its true place among animals ; some pronouncing it a 
bird, some a reptile, and some a bat. But Cuvier at last developed its 
true characters, and proved it to be a beautiful example of the wisdom 
that adapts creatures to peculiar and varied modes of existence. 

DescT' This animal had the head and neck of a bird, Ih© 
mouth of a reptile, the wings of a bat, and the body and tail of a 
mamnnifer. Its teeth, as well as other parts of its structure, 
show that it could not have been a bird ; and its osteologicai 
characters separate it from the tribe of bats. But in many re- 
spects it had the characters of a reptile. The outer toe of its 
fore feet was enormously elongated, to furnish support, it is 
probable, for a membranous wing. By this means these animals 
were doubtless able to fly like the bat; while the lingers with claws 
projecting from their wmgs, enabled them to creep or climb. 
When their wings were folded, they could probably walk on 
two feet; and it is most likely, also, they could »*vim. Their 
eyes were enormously large ; so that they could seek their prey 
in the night. They probably fed on insects chiefly; though 
perhaps, also, they had the power of diving for fish. Eight 
species, from the size of a snipe to that of a cormorant, have 
been found in the oolite and lias in England, and on the conti- 
nent of Europe, at Solenhofen. Fig. 73, shows several of thesa 
animals restored. 

Titanian, or earth born, that warred on Jove. 
Briarees or Typhon, whom the den 
By ancient Tarsus held, or that sea beast 
Leviathan, which God of all his works 
Created hugett that swim the ocean stream. 

Paradise Lost^ Book 1, lint 199. 
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Fig. 73. 




PttrodactyU. 

Rem. " Thus," says Dr. Buckland, " like Milton's fiend, all qualified 
for all services, and all elements, the Pterodactyle was a fit companion 
for the kindred reptiles that swarmed in the seas, or crawled on the 
shores of a turbulent planet. 

" The Fiend, 
O'er bog, or steep, through straight, rough, dense, or rare, 
With head, hands, wings, or feet, pursues his way. 
And swims, or sinks, or wades, or creeps, or flies." 

Paradise Lost^ Book 2. line 947. 

" With flocks of such-like creatures flying in the air, and shoals of no 
less monstrous Ichthyosauri and Plesiosauri swarming in the ocean, 
and gigantic Crocodiles and Tortoises crawling on the shores of the 
primeval lakes and rivers , air, sea, and land must have been strangely 
tenanted in these early periods of our infant world." Bridgewater 
Treatise, Vol.1, p. 224. 

Crocodiles and Tortoises 

Descr. Of twelve species of the Crocodile family now living, 
three are Alligators, ei^ht true Crocodiles, with a short and 
broad snout, and one, the Gavial, with a long and narrow beak, 
adapted for feeding on fish. Of the six or more fossil species, 
all those in the secondary rocks approach in structure to the 
Gavial ; probably because few other animals then existed but 
fish on which they could feed. These Gavial saurians are called 
Teleosauri and Steneosauri. Of the former, one has been found 
18 feet long, with 140 teeth. The fossil crocodiles with short 
snouts, differ so little from existing species, as to need no de* 
scription. 

Descr. Tortoises, both marine, fresh water, and terrestrialy 
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have heen found fossil in all the formations above the coal for- 
mation. One of these in the Muschelkalk, a sea tuitle, was 8 
feet long. Numerous tracks of tortoises have also been found 
on the new red sandstone in Scotland : but these will be de« 
scribed in a subsequent part of this section. 

Birds. 

Twenty species of birds have been found in diluviunni ; ten in 
the tertiary strata, and recently, one species of Oralis, or 
Waders, in the Wealden formation ; and these are all the fossil 
relics of this order of animals yet discovered. The tracks of 
more than 20 different species of animals have, however, re- 
cently been brought to light in the valley of Connecticut river, 
in Massachusetts and Connecticut, on what is thought to be the 
equivalent of European new red sandstone ; and a large part of 
these resemble the impressions of bird^s feet more than those of 
any other known animals. But these will be more particularly 
noticed farther on. 



MAMMALIA. 

Descr. There is reason to believe that the Marsupial Mam-* 
malia appeared earlier on the globe than any other animals of 
this class. For Dr. Buckland has found an undoubted species 
of the Marsupials in the oolite of England : and the tracks of 
another species of a similar animal in red sandstone, near Hild- 
burghausen in Saxony, as well as in two places in England, 
have recently been described ; as will be more fully detailed in 
another place. 

Descr, With the above exception, all the ether fossil mamalia 
occur in the tertiary strata and diluvium." In the Eocene ter- 
tiary, as many as 50 species have come to light. Cuvier de- 
scribed 78 species in his great work, the Ossemens FossUes ; 49 
of which are extinct : and since that time, the number has been 
increased to nearly 200. 

Descr, Among these fossil animals, are many of existing 
genera, and so nearly related to existing species, that a particular 
description will be unnecessary. Such are 'the fossil species of 
the Rhinoceros, Hippopotamus, hog, cat, glutton, horse, ox, 
deer, bear, hyaena, weasel, hare, rabbit, rat, mouse, &c. In 
general, however, the fossil species are of a larger size than 
those now living ; indicating a warmer climate when they were 
upon the globe. 
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Descr, The marine fossil mammalia, such as the whale, the 
dolphin, the seal, the walrus, and lainentin, occur as we should 
expect, in tertiary strata deposited in the ocean ; and some of 
the terrestrial mammalia are found mixed with marine animals 
in salt water formations ; having been drifted into the ocean by 
rivers. Other terrestrial mammalia are found in fresh water 
formations, deposited at the bottom of lakes and ponds during 
the tertiary epoch. Others occur in caverns and fissures, which 
existed in the dry land during the same period : and finally, 
similar remains are found dispersed through the diluvium, which 
is spread over formations of every age. 

Descr, At the meeting of the xYssociation of American Geolo- 
gists in 1841, Dr Harlan stated that the continuous vnrtebrteof 
a cetaceous animal, denominated the Zygodon, had been found 
in Alabama, as much as 100 feet long. 

Descr. The history of bone caverns and fissures, as described 
by Dr. Buckland in his splendid work entitled Reliquia DUum- 
an€Bj deserves a more extended notice than can here be given. 
From a careful examination of these osseous caverns, by Dr. 
Buckland, it appears that some of them, as that of Kirkdale, 
Kent's Hole, &c. in England, were the residence of hyaenas, for 
ft long time previous to the Historic Period ; and that these 
animals dragged in thither great quantities of bones of other 
animals on which they fed. This is proved by the broken and 
gnawed state of the bones, and by the great quantity of copro- 
Jites belonging to the hyajna found in the caverns. Other cav- 
erns appear to have been the abodes of bears for a long period 
as those of the limestones of central Germany. In one of these, 
the cave of Kuhloh, more than 500 cubic feet of black animal 
dust, impressively denominated the dust of deaths were found, 
resulting from the decomposition of bears ; which must have 
required at least 2500 of these animals ! The bones of the 
Osseous Breccia, found in fissures in Somersetshire in England, 
and on the northern shores of the Mediterranean, belong mostly 
to animals that fell into fissures that were afterwards filled with 
,detritus Reliquia JMiuviajKB^ p 137, and 148. London^ 1823. 
De la Beckers Manual of Geology, p 181. 

Descr. Sometimes ossiferous caverns have been used by man 
as a place of habitation, or more frequently as a place of sepul- 
ture. And hence his bones, us well as fragments of pottery, 
and other relics of a ^ude people, sometimes are found so mixed 
with the remains of extinct animals, as to lead to the inference 
that they were deposited during the* same period. Indeed, in 
some of these caverns in the south of France, it is still believed 
by some geologists, that the remains of men were of contempo* 
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raneous deposition with those of the extinct mammalia. The 
English geologists appear to be decidedly of the opposite opinion. 
' Vescr. Osseous breccias, have been found in Australasia ; 
containing bones of the kangaroo, wombat, dasyurus, koala, 
halmaturus, elephant, hypsiprimnus, &c. most of which are ani- 
mals living in that country. 

Descr. In the Uoited States a few ossiferous caverns haye been 
found, though none of them exactly corresponding with the European 
caverns. Some of them appear to have been filled with fragments of 
rocks and bones which were partially cemented by stalagmite, during^ 
the alluvial or historical period. An example of this kind has been com- 
municated to me by the late Prof. L. F. Clarke, of the college of East 
Tennessee, in a letter dated Aug. 23d, 1838. The cavern is situated in 
the town of Chittenden, Vt. from 2000 to 3000 feet above Otter Creek, 
and in limestone interstratified with mica slate, having an easterly dip 
of about 65*^. The bottom of the cavern has a westerly slope, as shown 
in Fig. 74, which is an imperfect sketcji from memory. 

Fig. 74. 




Bone Cavern t Chittatdeny Vermont. 

The roof and sides of the cavern are covered with large stalactites, 
and the bottom with loose fragments of rocks, in many places to the 
depth of at least 5 feet. The fragments at the surface are mostly ce« 
mented together by stalagmite, but rarely at much depth. The boned 
are scattered among the fragments, and are much broken, and many of 
them gnawed by the teeth of some small animal. These bones, so fiir as 
they have been anatomically examined, appear to belong to existing 
animals ; among which those of the bat were very abundant ; and it is 
supposed that some of them belonged to the wolf, racoon, &.c. The? 
appear very fresh, still retaining most of their animal matter, much 
more than the bones from the English caverns. From all the facts I in* 
fer, that this cavern was produced by running water which probably had 
an outlet at A, and that the fragments of stone were thus accumulated, 
while the stalagmite was forming and the bones were being collected, 
both by carnivorous animals, and by the death of others that might have 
made this cavern their habitation, during the alluvial or historical 
Iperiod. 
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Eoirly Paehydermata. 
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Descr» In the older tertiary strata around the city of Paris, 
Baron Cuvier has brought to light more than 40 extinct quad- 
rupeds, many of them alh'ed to the modern pachydermata, or 
thick-skinned animals. Fig. 75, exhibits the form of the 
Anaplotherium gracile^ which tths c* the size and form of the 
gazcle, living like the deer and the antelope. Fig. 76 is the 
Anoplotherium cammuw ; ao anirnal about the size of the wild 
boar, with the means of swiwnaipg with facilify. Fig, 77, is the 
Pakrotherium magmim^ of the six^ of the horse, but> more thick 
and clumsy. Probably it had a trunk. Fig. 78, is the PaUso- 
the, turn minusy of the size of the rpebuck. 



Fig. 76. 



Fig. 77. 




75 AmrpleHi^rvim graaUt 76 JbMpUaherium comm,uiu : 'H PaUBoUurimm magmm i 
78 P. minus, 

Mammothj or fossil Elephant- 

Descr. Two species of living elephant are known ; the 
Asiatic, or Indian, which extends only to the 31st degree of 
north latitude : and the African, which occurs as far south as the 
Cape of Good Hope. A third species is found in a fossil state ; 
especially in the northern parts of Asia and Europe ; as well as 
America. It is this extinct species that goes by the name of 
mammothj — an Arabic word (behemothy) signifying elephant. 
Fig. 79, exhibits the skeleton of the remarkable specimen found 
encased in frozen mud on the shores of the arctic ocean, in Si- 
beria, with its softer parts preserved, as has been already de- 
scribed. This skeleton is now deposited in the Museum of 
Natural History in St. Petersburgh. Its length is 16 feet; and 
its height 9 feet. Its hair, of which 30 pounds were preserved, 
13 
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consisted of black bristles, 15 inches long, mixed with wool of a 
reddish brown color. 

Fig. 79. 




Mammoth* 



Mastodon. 

Descr. Although the inastodon is frequently called the mam- 
moth in this country, where the remains of the largest species 
are abundant, yet it diflfers generically from the elephant in the 
form of its teeth ; as may be seen in Figs. 80 and 81, below. 
Fig. 80 is a side view of the grinder of the Mastodon, and Fig. 
81, represents the flat surface of the Mammoth's grihder. 



Fig. 80. 



Fig. 81. 
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Descr. No less than seven species of mastodon have been dis- 
covered in a fossil state ; viz. three in Europe, two in South 
America, one in the United States, and one in India. The larg- 
est species, M, maximus has been found in almost every part of 
the United States ; though most abundantly in the salt licks of 
Kentucky, Ohio, &c. The most easteily point where the 
bones of these animals have been found, is Berlin in Connecti- 
cut. An almost entire skeleton has been put up in the Museumi 
of Mr. Peale in "Philadelphia, which is 15 feet long, and 11 feet 
high. This was found in Orange County, New York. The 
most remarkable locality in this country is at the Big Bone Lick 
in Kentucky ; where a vast number of bones of various extinct 
animals are imbedded in dark colored mud and gravel, which ap- 
pears to have been formerly the bottom of a marsh. This spot 
has been examined by William Cooper, Esq, with his usual 
discrimination and accuracy ; and he is of opinion that the de- 
posit containing the bones is to be regarded as diluvial. He es- 
timates that the bones of 100 mastodons, 20 elephants, 2 oxen, 
2 deer, and one megalonyx, have already been carried from thi« 
spot. 

RhinoceroSy Hippopotamus^ Hycsnay Horsey Ox, jDecr, Siva^ 
theriumy Monkeyy Gamely ^c, 

Descr. Most of these animals in their fossil state, differ so 
little from the existing species, that they need not be particular- 
ly described in this work. They are generally however, of 
larger size than the living species. The rhinoceros found un- 
decayed in the fossil gravel of Siberia, has already been no- 
ticed ; and several other species of this animal occur in Europe 
and in India, associated with the bones of the elephant, also 
with several species of hippopotamus, and one or two of oxen, 
aurochs and deer. The horns of the fossil ox, are sometimes 
very large : in one example 31 inches long. So also the fa- 
mous fossil elk of Ireland, (Cervus giganteus.) had horns that 
measured 10 feet 10 inches between their tips. Jameson*s Cw- 
vier^s Theory of the Earth, p. 246. The most interesting re- 
mains of the hyaena are those found in caverns. (See Reliquia 
DiluviancB-) The Sivatherium is an extinct animal recentlj 
found in India, in concretionary diluvium, larger than the rhi- 
noceros, furnished with four horns and a proboscis, and forming 
an intermediate link between the ruminantia and pachydermata. 
In the same deposit were found the remains of a gigantic spe- 
cies of monkey and of a camel. Another species of monkey 
has also be^n discovered in tertiary deposits in France ; so th^i 
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the important fact seems now well established, that the animals 
approaching^nearest to man in their structure, have been foufid 
in a fossil state. Wonders of Otology ^ Vol 1. p. 138 afkd ^6« 

MegcUhtrium, 

Deicr. Sloth and Armadillo- Because the Sloth (BradypM 
tardigradus) is not adapted for walking on the ground, some 
writers, and even some naturalists, (Buffon, &c*) have ridiculed 
its structure, as if it indicated a want of wisdom. But it noW 
appears that the animal was intended to live continually upofi 
trees ; and that its long forelegs, with long and very crooked 
elaws, are admirably adapted for this purpose. The armadillo, 
as is well known, is covered with a bony armor for defence 
Against enemies, dust, &c. The few living species of this ani^ 
mai are small and confined chiefly to South America where they 
burro"v^ like the woodchuck. 

Descr. The Megatherium is an enormous extinct animal^ 
which was once abundant in the vast plains or pampas of the 
same continent. They have been lately found by Mr. Darwifi 
over an extent of 600 miles, accompanied with bones and teeth 
of five other quadrupeds, some of them of a similar construct- 
ion. Dr. Mitchell and Mr. Cooper have also described bones 
of this animal from the island of Skiddaway, on the coast of 
Georgia. Buckland^s Bridgwater Treatise^ Vol 11. p. 20* 
Annals of iV. K Lyceum^ May^ 1824. It was larger than the 
rhinoceros, and its proportions were perfectly colossal. With h 
head and neck like those of the sloth, its legs and feet exhibit 
the character of an armadillo, and the ant eater. Its body was 
12 feet long, and 8 feet high. Its forefeet were a yard in letogth, 
and more than 12 inches wide ; terminated by gigantic claws. 
Across its haunches it measured five feet ; and its thigh bone 
was nearly three times as thick as that of the elephant. Its 
spinal marrow must have been a foot in diameter ; and its tail, 
at tl^e part nearest the body, twice as large, or six feet in cir- 
cumference ! Its teeth were admirably adapted for cutting veg- 
etable substances ; and its general structure and strength seem 
intended to fit it for digging in the ground for roots, on which it 
principally fed. Fig. 82, exhibits the entire skeleton of this 
Unimal, which exists in the museum at Madrid, in Spain. Buck" 
lajuCs Bridgwater Treatise y Vol I. p. 139^ 
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Fig. 82. 
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Rnm. It has been generally suppos»»d that the Mc,^atheriiim was cov- 
ered witli a bony a^nnour like the Armadillo; But Mr. Owen, the di»- 
tinguisiiod comparative anatomist, is of opinion, al\cr a carnful examin- 
ation, that such was not the case ; and that this animal approached- 
more nearly in character to the ant eaters and sloths, than to the Arma- 
dillo. Land, and Edln. FhUos. Mng. July, 1839. He has lately ascer- 
tained that this bony arinonr beloiigcd to another extinct animal called 
the Glyytodon. An. and Mag. JVat. Hist., Feb. 1841, p. 4i;2.. 

Megalonyx, 

Descr This animal was first described by Mr. Jefferson, who 
mistook its characters. It was found in the nitre caverns of 
Virginia and Kentucky, and has since been discovered in other 
places. It was of the size of the ox, and appears to have been 
nearly related to the sloths. 

Dinotherium 

Descr* Until recently the mammoth and the mastodon have 
been supposed the largest of all the terrestrial mammalia that 
ever inhabited the earth: But they must give place to the 
Dinotherium, described by Cuvier as a gigantic tapir, but 
recently by Professor Kaup, a distinguished German naturalist, 
as a new genus between the tapir and the mastodon ; and adap- 
ted to that lacustrine condition of the earth whicli seems to have 
been so common during the dt^io«^ition of the tertiary strata. Its 
remains have been found in tertiary strata, in the south of 
France, in Austria, Bavaria, and especially in Hesse Darmstadt, 
Its length must have been as much as 18 feet. One of its moil 
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remarkable peculiarities consisted in two enormous tusks, at the 
anterior extremity of the lower jaw, which curved downwards, 
like those uf the Walrus Its general structure seems to have 
been adapted to digging in the ground ; and for this purpose its 
feet as well as tusks, projecting a foot or two beyond the jaws 
which were four feet long, were intended. It lived principally 
in the water like the hippopotamus ; and it probably used its 
tusks &r tearing up the roots of aquatic vegetables, which, as is 
shown by its teeth, constituted its food. Dr. Buckland suggests 
also, that these tusks might have been useful as an anchor &st- 
ened into the bank of a river, while the body of the animal 
floated in the water and slept. They might have been useful 
also, to aid in dragging the body out of the water and for defence. 
Fig. 83, is a sketch of the Dinotherium giganteum as restored by Prof. 
Kaup. Buckland' s Bridgewater Treatise, Vol. 1. p. 135. Another 
species, the D. Bavaricum, has been discovered. 




Diw^herinm, 



Ichnolithology : or the History oj Fossil Footmarks i 
Buckland. ) 



{Ichnoiagyy 



Descr, This singular branch of palaeontology has but lately 
begun to attract the attention of geologists ; since it is only 
within a few years that genuine examples of the tracks w 
animals in stone have been found. It is, indeed, and long has 
been the common belief, that such impressions are frequent ; 
but the geologist usually finds that they are merely the effects of 
disintegration or aqueous action, by which the softer parts of ^e 
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rock are more worn away thaa the harder parts. The foHow- 
ing ar« all the well authenticated examples of fossil footmarks 
that have been discovered up to the present time. 

Example 1. In the Transactions of the Royal Society of Edinburgli 
for 1828, Dr. Duncan has given an account, with drawings, of the tracks 
of a quadruped on new red sandstone in the quarry of Corn Cockle 
Muir, in Dumfries-shire, Scotland. These tracks have been found there 
in great abundance, on many successive layers of the stone, to the depth 
of 45 feet; or as low as the quarry had been opened. They occur also 
in another quarry, 10 miles south of Corn Cockle Muir, where one series 
of tracks extended from 20 to 30 feet. Dr. Buckland seems to have 
satisfactorily shown that they were made by tortoises. Bridgcwater 
Treatise, Vol.l.p. 259. 

Ez 2. In 1831, Mr. G. P. Scrope found numerous footmarks of smaO 
animals on the layers of forest marble, north of Bath in England. They 
occur along with ripple marks, and were probably made by Crustacea, 
crawling along tlie bottom of an estuary. The impression of the tail or 
the stomach is sometimes visible between the rows of tracks. Journal 
of the Royal Institution of London, 1831, p. 538. 

Ex. 3. In 1834, an account was published in Europe of some remarka- 
ble fossil footmarks on the gres bigarre (new red sandstone, j at Hessberg, 
near Hildberghausen in Saxony. Accounts of these impressions have 
been given by Drs. Hohnbaum and Sickler, Professor Kaup, M. Link, 
and Baron Humboldt. The largest track appears to have been made by 
a marsupial animal, whose hind foot was 8 inches long. This animal 
Prof. Kaup has named Chir other ium, from the resemblance of its track 
to a human hand. Some of the tracks appear to have been made by 
tortoises ; and M. Link, who has made out four distinct species from 
these tracks, suggests that some of them may have been made by gigan- 
tic Batrachians. (Frogs, salamanders, &c.) Buckland's Bridgewater 
Treatise, Vol. 1. p. 263, and Vol. 2. p. 36. Wonders of Geology, Vol. 2. 
p. 423. Jim Journal of Science, Vol. XXX. p. 191. Fig. 84, ihows a few 
tracks of the Chirotherium on a slab of sandstone from Hessberg. (Se4 
spedmeus in the Cabinet at Amherst College.) 

Fig. 84. 






Ex. 4. In 1834, a few very distinct tracks resembling those of birds, were 
discovered in the red sandstone of the Connecticut Valley, at Montague 
in Massachusetts. Subsequent examination discovered similar im* 
pressions at several quarries in the same Valley and State : and an ac- 
count of seven species was given in the American Journal of Science for 
January, 1836, under the name of Ornithicknites, or stony bird tracks. 
Some of them are very small, the toes not being more than half an inch 
long ; and the length of the step 'not more than 3 or 4 inches: while 
others are of enormous size : the foot being 17 inches long, including a 
claw of 2 inches ; and the length of the step from 4 to 6 feet. In another 
upecies, if we include a singular impression behind the toes, that appears 
to have been made by a large heel, the whole length of the track is 2 
feet, &nd of the step, 6 feet. 



Digitized by 



Google 



152 ICHNOUTHOIiOOY. 

Since the time when the account abore mentioned was published, I 
havA mndo P-ill farther discoveries on this subject. I am now acquainted 
with 27 species of these impressions, occuring at 15 quarries, in a dis- 
tance of 80 miles, along the banks of Connecticut river, between tho 
north line of Mass.ichusetts, and Middletown in Connecticut. So per- 
fect is the impression in some cases, that one specimen shows the pitted, 
ridged, and furrowed skin, of the bottom of the foot. I have also ex- 
amined a much larger number of the feet and tracks of different sorts of 
living animals, and the evidence seems still quite conclusive, that a 
large proportion of the fossil tracks must have been made by birds of 
the Gralla3 family. Yet some species greatly resemble the tracks of 
Saurians, though I have almost no evidence that any of them were made 
by animals having more than two feet. Hence I have denominated 
such tracks Sauroidlchnitcs ; that is, tracks resembling those of Saurians: 
And I have called tlie others Ornithoidich?ilfcs, rather than Ornithlch' 
nitcs ; that is, trachs resembUng those of birds, instead of asserting that 
they are actually such. I strongly suspect, indeed, that nearly all these 
tracks were made by birds : though some of these birds might have par- 
taken largely of the SauroUl type, which seems to have been introduced 
about the same epoch, according to the principle stated on page 134. 
Yet so long as any doubt remains on the subject, it may be wiser to give 
names which do not imply absolute knowledge. A few bones liilely dis- 
covered in the same sandstone formation, insp're the hope that certainty 
on tiiis subject may reward persevering enquiry. Fig. 85, shows four 
tracks on a slab of gray sandstone in my possession from South Hadley, 
Massachusetts. (See numerous specimens in Amherst College.) Filial 
Report on Geol. Mass Vol. 2. p. 4t>4. 

Fig. 85. 





Ex. 5. In the summer of 1838, tracks of the Chirotherium, tortoises, 
and saurian reptiles were discovered in the new red sandstone, at the 
quarries of Storeton Hill, below the Meuse and the Dee, in England. 
The largest track of the Chirotherium is 9 inches long, and 6 inches 
broad : Length of the step, 21 to 22 inches. At least 6 species of tracks 
occur at this spot. A track of another species of Chirotherium, of still 
larger size, has been found, probably in the red sandstone, near Tar- 
porly : and Sir Philip Egarton is of opinion that this is different from 
that at Storeton, and that both differ from the one found at Ilessberg ; 
so that evidence is now obtained of the existence of three species of 
Chirotherium, at the epoch of the new red sandstone. Mining 
Review, for Dec. 1838, p. 180. Dr. Buckland states tha,t 5 or b species 
of small reptiles have also been found at the localities in England. An. 
and Mag. Kat. Hist. Feb. 1841, jt?. 495. 

Ex. 6. At the meeting of the British Association for the advancement 
of Science in the summer of 1839, Dr. Ward gave an account of some 
fossil footmarks discovered on the new red sandstone near Shrewsbury, 
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ih England, These impressions are trifid, like those iii the sandstone Gt 
the Connecticut valley. The three toes appear to have been armed with 
long nails ; and in this respect, also, they correspond to those in our 
country. I have, however, seen only a brief account of Dr. Ward'g 
eommunication. American Journal of Science, Vol. 38, p. 127, Jan. 1840. 

Ex. 7. In Prof. Leonhard's and Bronn's Journal of Mineralogy, Geog- 
nosy, Geology, and Palasontology, for 1839, Dr. Cotta has given an ac- 
count of some singular footmarks in new red sandstone in Saxony, some 
20 or 30 miles from Leipsic. The form of these tracks is very peculiar. 
They are two toed ; or rather resemble a horse shoe, except in being 
asually somewhat angular. Dr. Cotta could not find any regular ar- 
rangement of the tracks ; yet he speaks of obtaining full evidence that 
the impressions were produced by the feet of animals ; and he thinks it 
most probable of biped animals. He found only figures in relief on the 
underside of just such a layer as contains the tracks at Hessburg. Am. 
Jouimal of Science, Vol. 38, p. 255. 

I have in my possession a few impressions in sandstone from Weth- 
ersfield in Connecticut, which nearly correspond to those described by 
Dr. Cotta : And although I have suspected that they must have re- 
sulted from an organic agency, yet I have not ventured to call them 
tracks : nor have the statements of Dr. Cotta which I have seen, re- 
moved all doubt from my mind in respect to those which he describes. 
I have regarded it as a sine qua non on this subject, that we should be 
able to pomt out the successive steps of the animal. Yet if these im- 
pressions be not trac]^s, I know not what they are ; though I have been 
rather disposed to believe that they may be explained by a peculiar con- 
cretionary structure. I speak here, however, of those from Weth- 
ersfield; for this is one of those cases, where I do not believe any one' 
competent to decide, who has not seen the specimens ; and I have not 
seen those from Saxony. 

Ex. 8. Some cases of tracks noticed by Dr. Buckland, in his Anniver- 
Bary Address before the London Geological Society, in February 1841, 
may be mentioned, rather to illustrate the examples that have been 
given, than as of the same character. For they are the tracks of deet 
and large oxen upon mud beneath a bed of peat, at Pembray in Pem- 
brokeshire, and to the east of Nettth. They show how tracks in mud 
can be long preserved. An. and Mag. J^at. History, Feb. 1841. p. 495. 

Rem. 1. I have recently received specimens of the tracks of Chirotheri- 
nm, from Hildburghausen in Saxony : and I find that they correspond 
in general appearance to the fossil footmarks from New England : al- 
though the shape of the foot is quite different. 

Rem. 2. It will be seen that I do not adduce as an example of fossil 
footmarks, the impressions of the human foot, which were found on 
limestone on the banks of the river Mississippi, in front of the city of 
St. Louis, in Missouri, and which have been described by Mr. School- 
craft in the 5th volume of the American Journal of Science. I omit 
them because I do not think there is sufiicient evidence that they are 
natural impressions. They occur in a blue limestone, containing an 
abundance of encrinites and other analogous remains, and which it 
probably the carboniferous limestone of Europe. (Feather stonehaugh*s 
Report. 1835, p. 28, ^c.) It will surely require strong evidence to provd 
in opposition to all that geology teaches in every other part of the globe, 
that man existed When the limestone of the Mississippi Valley was being 
deposited at the bottom of the oceanT Yet I am prepared to believe thai 
he did, when on splitting open layers of that limestone, eontinuous iM* 
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man steps shall be found impressed on the lower layer, and in relief on 
the upper. But only one pair of footmarks have yet been found, and 
those upon the exposed surface of the rock. They were probably form- 
ed by the ancient inhabitants of the country, or by the early white 
settlers, who had iron tools. If they are as perfect as the drawing in 
the Journal of Science, they could hardly have been formed by water : 
and yet water often produces very remarkable imitative forms in lime- 
stone. 

Rem. 3. It is a singular fact, that nearly all the examples of fossil 
footmarks hitherto discovered, occur upon some member of the new red 
sandstone system. There must have been something peculiarly favora- 
ble, either in the nature or mode of deposition of that rock, to the pre- 
servation of these impressions. 

Inf. These impressions must probably in every instance have 
been made on the shores of an estuary, between high and low 
tide mark : for if made upon dry land, it is difficult to conceive 
how they should have been preserved from being obliterated by 
atmospheric agencies ; or how matter should have been de- 
posited above them to preserve their form : Yet the fact that the 
impressions of rain drops sometimes accompany the tracks, (as 
will be described shortly) shows that when impressed the mud 
must have been above the water. Probably the influx of the 
tide brought in silt enough to preserve the impressions. 

Impressions of Rain Drops. 

l)escr. In the same formation of red sandstone that contains 
the footmarks in England, are found most distinct impressions 
of what appear to have been drops of rain, in the Storeton 
quarry, where are found the tracks of the Chirolherium, " the 
under surface of two strata at the depth of 32 or 35 feet from the 
top of the quarry, presents a remarkably blistered or watery 
appearance, being densely covered by minute hemispheres of the 
same substance as the sandstone. These projections are casts in 
relief of indentations in the upper surface of a thin subjacent bed 
of clay, and due in Mr. Cunningham's opinion to drops of rain." 
Lond. and Ed, Philos. Mag. 1839 Sometimes these im- ^ 
press ions are perfect hemispheres : in other cases they are irre- 
gular and are elongated in a particular direction, as h the drops 
struck the surface obliquely : appearing in fact as if a wind had 
accompanied the rain. Tracks of a small animal accompany 
these impressions. American Journal of Science^ Vol. S7.p. 371. 
Dr. Ward describes exactly the same appearance in the new red 
sandstone near Shrewsbury in connection with tracks and ripple 
marks. Am. Jour. Science^ Vol 38. p. 127. 

Rem. 1. 1 have specimens of precisely the same character as the 
above from Wethersfield in Connecticut, and West Springfield, Mass. 
wh^re the^ occur with foot marks and ripple mark^. Lik? the English 
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«pecimens, (which however I have not seen,) these show distinctly the 
direction of the wind when the rain fell. Furthermore, I have formed a 
fine clay into paste, and on sprinkling water upon it, precisely the same 
indentations are produced as exist upon the sandstone. Final Report 
on Geol. Mass. Vol. 2. p. 601. 

Rem. 2. It is a most interesting thought, that while millions of men, 
who have striven hard to transmit some trace of their existence to fu- 
ture generations, have sunk into utter oblivion, the simple footsteps of 
animals, that existed thousands, nay, tens of thousands of years ago, 
should remain as fresh and distinct as if yesterday impressed ; even 
though nearly every other vestige of their existence has vanished : 
Nay, still more strange, is it, that even the pattering of a shower at that 
distant period, should have left marks equally distmct, and registered 
with infallible certainty, the direction of the wind ! 

Synoptical View of the Fossil Footmarks. 

Rem. 3. If it be desirable to classify the fossil footmarks that have been 
described, perhaps the following arrangement, which will give a synop- 
tical view of the whole subject, may answer till a better one is proposed. 

CLASS. ICHNOLITES. 

Order 1. poltpodichnites. 
One species made by a crustacean on Forest Marble, near Bath, 
England. 

Order 2. tetrapodichnites. 

1. Three species made by Chirotheria : two in England and one in 

Germany. 

2. By Saurians in England. 1 

3. By Tortoises in Scotland and Germany. > Nine species in all. 

4. By Batrachians in Germany. ) 



Order 3. dipodichnites. 
1, In Massachusetts and Connecticut. 

a. Saurodichnites. 

1. S. Barrattii. 

2. heteroclitus. 

3. Jacksoni. 
4.'£mmonsii. 

5. Baileyi. 

6. minitans. 

7. longipes. 

8. tenuissimus. 

9. palmatus. 
10. polemarchius. 

b. Omithoidichnites. 

1. Pachydactyli. 

1. O. giganteus. 

2. tuberosus. 
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3. O. expansufl. 

4. cuneatos. 
6. paryulus. 

3. Lept^dactyli, 

6. ingens. 

7. elegans. 

8. elegantior. 

9. Deanii, 

10. tenuis. 

11. macrodactjluB. 

12. divaricatus. 

13. isodactylus.- 

14. delicatulus. 
' 15. minimus. 

16. tetradactylus. 

17. graeilior. 

See a fidll description with plates of all these «pecies in ike Fival Be' 
port on the Geology of Massachusetts y p. 477. 
2. In Europe. 

1. One or more species near Shrewsbury in England. 

2. do. la ^azony. 

12. General Inferences. 

Bern, I have passed over several important inferences 4eriv:ed chiefly 
from paleontology, because they were not deducible from any one 
statement that has been ma^Je, and I thought k best to present them in 
the conclusion of this Section with a summary of the proof. 

Inf. 1. The present continents of the globe", (except perhaps 
some high mountaios J have for a long period constituted ihe 
bottom (^ the ooean, and have been subsequent! j elevated/- 

Proof 1. Two thirds at least of these Continents are covered 
^ith rocks, often several thousand feet thick, abounding in 
marine organic remains ; which must have been quietly depo- 
sited, along with the sand, mud, and calcareous or ferruginous 
matter, in which they are enveloped, and which could have ac- 
cumulated but slowly. 2. The secondary and primary stratified 
rocks are almost universally fractured and raised up at various 
angles, just as they would have been if lifted from the bottom of 
the ocean by a force acting beneath them. 3. Anticlinal ridges 
are so frequently found with a nucleus of unstratified rocks, a& 
to point us to a sufficient cause, viz. volcanic agency, for the 
elevations that appear to have taken place. 

. Rem. This inference is to be regarded as probably the most important 
principle in geology, and as established on an immovable foundation. 

Inf. 2. Different continents, and different parts of the same 
continent, appear to have been elevated at different epochs. 

Proof, Let A. B. Fig. 86, represent a mountain ridge, with 
an axis (a) of unstratified rock. Let the three systems of 
strata hh^ ccy and dd^ rest upon the axb a, and upon one an- 
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otiier, unconformably, and dip at different angles, except dd^ 
whiph suppose horizontal. Now it is obvious that the forma- 
tions cc, and hby must have been elevated previous to the de- 
position of dd ; otherwise the latter would have partaken of the 
upward movement. And if there be no regular member of the 
series of rocks wanting, between rf, and c, it is obvious that we 
thus ascertain the geological, though not the chronological epoch, 
when cc was elevated, cc^ however, is unconformable to hh ; 
and therefore 66, was partially elevated before the deposition of 
cc : in other words, hh has experienced at least two vertical 
movements. Now this is a just representation of the actual 
state of things in the earth's crust ; and hence by ascertaining 
the dip of the formations that are in juxtaposition, wc ascertain 
the different epochs of elevation. 



Fig. 86. 




^otlhs of Elevation* 

Facts, By the application of these principles, it is found that 
the mountains of Europe have been elevated at no less than 
twelve different epochs ; the oldest of which dates is far back 
as the time when the slates of Westmoreland were tilted up : 
and the most recent, (the principal chain of the Alps,) is said to 
be subsequent to the deposition of the tertiary strata. So far as 
the subject has been examined in this country, it appears that 
five or six systems or epochs of elevation can be traced in our 
mountains : though since the deposition of our secondary rocks, 
scarcely any movement has taken place : and though Elie de 
Beaumont suggests that the elevation of the Andes was so 
recent that it may have produced the historical deluge, yet the 
eastern side of our continent is probably of an older date than 
most of Europe. 

Frin. According to Elie de Beaumont, to whom we are indebted for 
the first extensive generalizations on this subject, although Von Buch 
and other geologists had previously made local applications of the same 
principles, chains of contemporaneous elevation are parallel to one an- 
other, and ** to the semi-circumference of the earth's surface :'* and 

14 
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hence he infers that mountain chains were elevated at the same epoc k, 
even though on different continents, if they are parallel : that the chain of 
the Alleganies, for instance, belongs to a system of elevation which in- 
cludes the Pyrenees, part of the Appenines, the mountains of the Morea, 
a part of the Hartz mountains, Mount Atlas, and other ridges in Africa, 
the Carpathian mountains. Mount Carmel, and Sinai, a part of the 
Caucasian chain, and the Ghauts. In the present state of our knowl- 
edge of these mountains, this conclusion is unwarranted ; for it is ad- 
mitted by Beaumont, that systems elevated at different epochs may be 
parallel ; and until the geology of these mountains is better understood, 
it cannot be known but that these belong to different parallel systems. 
(See I^yelVs Principles of Geology^ Vol. 2. p. 470.^ Yet it seems capa- 
ble of mathematical demonstration, that fissures produced by an eleva- 
ting force, acting beneath a portion of the earth's crust, will be parallel 
when no two consecutive fissures are remote from each other ; and if 
another set of fissures be produced, by the force acting unequally at dif- 
ferent points, these will be parallel to one another, also ; and approxi • 
mately perpendicular to the first set. Hence Beaumont's principle may 
prove true over large areas ; but much more extensive observations will 
be necessary before it can be applied, except in limited districts. 
Phillips^ 8 Geology, p. 259. 

Inf, 3. The convulsive movements by which systems of 
strata were elevated, appear to have been in most instances 
short compared with the intervening periods of repose, during^ 
which successive formations were deposited. 

Proof I. The deposits appear generally not to have been dis- 
turbed by any elevating force while in a state of formation, as 
this would have changed the character of the organic remains ; 
(De la Beckers Theoretical Geology j Chap. 12.) and the period 
of deposition must have been in most cases very protracted. 

2. Had the elevating force been going on slowly during the de- 
position, the lower beds of the formation ought to have a greater 
dip than the upper beds ; which is rarely found to be the case. 

3. Paroxysmal convulsions are sufficient to account for the ap- 
pearances in most cases of the elevation of the strata. 4. In 
most cases there is no evidence of any long interval between the 
deposition of two rocks whose position is unconformable. 6. 
Some single local dislocations are of enormous size, amounting 
to 3000 or 4000 feet ; as in the Penine region of the north of 
England : and it is difficult to conceive how such faults could 
have resulted from a succession of minor forces acting through 
long intervals. 6. The doctrines of internal heat, if admitted, 
furnish a sufficient force to elevate the highest mountains by a 
single effort. Phillips^s Geology^ p. 260. 

Rem. The interval between the deposition of consecutive strata may 
sometimes have been very great, if measured chronologically ; especially 
where one member or more of the series of rocks, is wanting. In such 
cases the principles above explained do not enable us to determine during^ 
what part of this interval the elevation of the strata took place. It is 
chiefly on this ground that Mr. Lyell attempts to overthrow the whole 
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of Beanmont*8 reasonings and conclusions on this subject. But it seems 
to me that he has shown only that it is difficult to fix upon that point in 
the interval between two consecutive rocks, when the convulsive move- 
ments took place ; and that the fundamental principle of Beaumont's 
theory remains unaffected. And in respect/ to the exact geological time 
when the elevation occurred, it is, to say the least, very probable that it 
took place just at the termination of the period during which the elevat- 
ed rock was in a course of formation ; for such a convulsion furnishes, 
in many instances at least, the only known reason why its deposition 
was brought to a close. (LyelVs Principles of Geology ^ Vol. 2. v. 464.) 
Other writers have adduced various objections to the views of Beau- 
mont ; as Dr. Boue, for instance, in the Journal de Geologie^ Tome 3. 
/>. 338. 

Inf. 4. It is maintained by Beaumont, that the changes in the zoolo- 
gical and botanical characters of the formations, correspond in general 
to the epochs of elevation : that is, the period of elevation seems to 
have been the time for the destruction of one group of organic races 
and the introduction of new species. But though this may be general- 
ly, it is not usually true. No great change, for instance, appears to have 
taken place in the organic characters of rocks below the Zechstein in- 
clusive. But this may in part be explained by the fact that all or near- 
ly all the animals before that period were marine, and consequently 
might very probably survive the upburst of a continent ; since violent 
agitation of the waters would be the principal effect. 

Inf. 5. In many instances the rocks appear to have suffered 
one alternation or more of elevation and subsidence. 

Proof!. The phenomena of what is called the Dirt Bed^ 
of the oolite formation in the isle of Portland, in G. Britain/ iS'ec 
Fig. 46.) are perhaps the best example in proof of this proposition 
that occurs. In a bed of black mould, lying between the Portland 
stone beneath, and the Purbeck stone above, (boih of them 
oolitic limestones,) there exist large prostrate trunks, and erect 
stumps of cycadeae, or tropical trees, which must have grown 
on the spot where the stumps now stand. The following con- 
clusions seem to be fairly inferrible from the facts detailed. 1. 
That the limestone beneath this dirt bed was deposited at the 
bottom of the ocean. 2. That this bottom must have been 
elevated above the waters long enough for the accumulation of 
the soil and the growth of the trees. 3. That the surface was 
next submerged beneath the watef s of a freshwater lake ; next 
beneath an estuary ; and next beneath a deep sea, long enough 
for the deposition of strata 2000 feet thick. 4. That these 
strata^have been subsequently elevated into their present terres- 
trial state in England. Buckland*s Bridgewater Treatise^ Vol. 1. 
p, 495. 

2. The coal formation may be mentioned as another example 
in point- In these formations there is sometimes an alternation 
of marine and fresh water remains, and always an alternation of 
coal with shales and sandstones. Hence some geologists are of 
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opinion that the land, where the vegetation grew that formed the* 
eoel, must have sunk and risen again, every time these alterna- 
tions occur. Others, however, suppose that the coal plants grew 
on low islands of tropical archipelagos, and were transported 
into the hottom of the ocean, or of estuaries, when they were 
covered hy deposits of sand, clay, and limestone, and again by- 
other beds of vegetables, until a great thickness of these inter- 
stratified layers had accumulated Freshwater and marine relics 
sometimes alternate in successive strata of the coal measures, 
because in an estuary the salt water would occasionally prevail 
over the fresh water from the river which emptied into it. See 
De la Beche'^s Manual^ p. 444. Also his Theoretical Geology^ 
p. 264. Maccullochh System oj Geology j Vol. 2. p, 312. 
Phillipsh Geology y p. 116. 

3. A third example is the alternating strata of freshwater and 
marine deposits in the tertiary series. But in this case, also, it 
is very possible to conceive how these alternations might have 
been effected by the successive predominance of rivers and the 
sea in an estuary as explained above. Phillips'^s Geology^ p. 164. 

Rem. Examples of more recent elevation and subsidence will be given 
in Section VIII : where will also be found the various theories proposed 
for the explanation of the phenomena of elevation and subsidence. 

Inf. 6. From the phenomena of organic remains, it appears 
that the species of animals and plants now existing on the globe, 
could not, with a few exceptions, have been cotemporaries with 
those found in the rocks. 

Proof!. If they had been cotemporaries, no reason can be 
given why the remains of the living species do not occur in the 
rocks ; which, with the exception of a few hundred species in 
the more recent tertiary strata, is well known to be the case. 
2. Comparative anatomists decide from the structure of the ex- 
tinct animals and plants, that they were intended for a climate 
and other physical circumstances so different from those now ex- 
bting, that the organic beings adapted to one state, could not have 
endured the other. The period of the tertiary strata is the only 
exception : and even then, the climate appears to have been in 
high northern latitudes nearly as warm as at present between the 
tropics, until near the close of the period. 

Tnf 7. Hence too we learn the mistake of those, who are in 
the habit of pronouncing v^ry confidently that certain organic re- 
mains are petrifactions of existing animals and plants. For if 
they are obtained from the secondary rocks, the presumption 
•amounts almost to certainty, that they cannot be the representa- 
tives of existing species. 

Examples. Fossil trees are called oak, maple, hemlock, &«. fibrous 
tremoiite and some varieties of mica and talcose slates, are called petri 
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fied wood : encrinifes are ealled snakes : coal plants are called r^tle* 
snakes : favosites and certain fossil shells are called butternuts and 
walnilts : some varieties of ancient poljparia are regarded as the horns 
of deer, others as petrified pork : and even petrified squaws, pappoosed, 
and buffaloes have been announced as existing in the far west. It is 
often amusing to see with how much confidence a man, ignorant of 
zoology and lx>tan7, ^^^^ pronounce upon these supposed cases of identi* 
calness. 

/n/l 8. It appears that there have been upon the globe several 
distinct periods of organized existence, in which particular 
groups of animals and plants, exactly adapted to the varying 
physical condition of the globe, have been created and have suc- 
cessively passed away. 

Proof. If we take only those larger groups of animals and 
plants, whose almost entire distinctness from one another haa 
been established beyond all doubt, we shall still find at least five 
nearly complete organic revolutions on the globe : viz. 1. 
The existing species. 2. Those in the tertiary strata. 3. Those 
in the cretaceous and oolitic systems. 4. Those in the new red 
sandstone group. 6. Those below the new red sandstone. 
Comparative Anatomy teaches us that the animals and plants in 
these different groups could not have lived in the same physical 
circumstances. 

Rem. 1. The animals in the cretaceous and oolitic systems are al- 
most entirely dissimilar. But since Adolphe Brongniart considers the 
plants as all belonging to one group, and Prof. Agassiz declares the 
fishes of the chalk to bear a great resemblance to those in the lower 
tertiary strata, I have thought it safest to reckon the cretaceous and 
oolitic systems as forming only one organic period. The Synoptical 
Table at the end of Section 1, shows a classification which makes six 
distinct groups. 

Rem. 2. It appears from the following quotation by Dr. Smith, (Scrip- 
ture and Geology^ p. 514, second Ed.) that Deshayes, an eminent 
palsBontologist, is able to make out five distinct periods of organized ex- 
istence, besides that now passing, on the globe. " M. Deshays has 
lately announced that he had discovered, in surveying the entire series 
of fossil animal remains, ^2?e great groups, so completely independent, 
that no species whatever is found in more than one ojthem. The first of 
those groups is that to which Trilobites give the character j the three 
succeeding belong to the system of the large Saurians, and the fifth in- 
cludes the systems in which I have pointed out the Palaeotheria, the 
Mastodons, and the Elephants." D^Omalius d'Halloy, Elem. de Geol. p. 
187; Pflrw, 1839. 

Obj. Perhaps the deposits containing these different organic 
groups, may have been going on at the same time in different 
countries, or in different paits of the same country. 

Ans. Although all the rocks composing these different sys*- 
terns are not found piled upon one another in any one place, 
they are all found so connected at different points, as to prove 
that they were formed successively. Yet where any are want- 
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iBg in the series, as tbe Wealden, for instance, in North 
America, the interval during which these were forming in par- 
ticular lobalities, may have been occupied by a prolonged de- 
position of the next older, or by an earlier commencement of the 
next newer rock. Most probably however, the same formation 
was begun and completed in different places about the same 
period : otherwise the climate would have varied so much as to 
produce a marked change in the organic remains. 

Rem. The PaloBontological Chart appended will aid in impressing upon 
the mind the origin, expansion, and termination of the organic beings 
that have lived on the globe. In order to make it more impressive, it 
ought to be more extensive. 

Inf. 9. It appears that amidst all the diversities of organic life 
that have existed on the globe, the same general system has al-« 
ways prevailed. 

lllus. 1. All the leading forms of organization that now exist 
on the globe, have existed from the beginning : for instance, all 
the four great classes of animals, Mammiferous, Molluscous, 
Articulated, and Radiated, and the two great classes of plants, 
the Vasculares and the Cellulares. The relative number of 
species, however, in these different classes has varied very much 
at different periods. 2. Carnivorous races have always existed 
to keep down the excessive multiplication of the herbivprous 
races. Thus, when the Sauroid fishes of the earliest rocks dis- 
appeared, their place was supplied in the more recent secondary 
strata, by the voracious marine Saurians ; and when these be- 
came extinct, sharks and other predaceous fishes, more like 
those now existing, made their appearance. So among the 
molluscs. During the deposition of all the secondary rocks, 
carnivorous Cephalopods abounded ; such as the nautilus, 
ammonite, &c.: but in the tertiary strata, and in our present 
seas, these are rare, and their place is taken by carnivorous 
Trachelipods, which were not common at an earlier date. 
{BuchlancPs Bridgewater Treatise, Vol. 1. j». 298.) 3. From the 
eyes of trilobites and the orbits of other animals found in the 
rocks, we learn that the same relations of animals to light al- 
ways existed as at present. ' 

Inf. 10. It does not appear that any of the ancient forms of 
animal or vegetable life can be properly regarded as monstrous : 
or, when compared with the proper standard, even heteroclitic 

Proof, When compared with existing races, they sometimes 
seem monsters in size, and anomalies in character. But their 
great size resulted from a climate better adapted, than that now 
upon the globe, for the develbpement of organic life ; and their 
peculiar construction adapted them most admirably for the pe- 
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culiar situation which the^ occupied. So that what seems 
heteroclitic at this day, was exact and harmonious adaptation 
then. 

Inf, 11. The whole period occupied in the deposition of the 
fossiiiferous rocks must have been immensely long. 

Proof 1. There must have been time enough for water to 
make depositions more than 20 miles in thickness, by materials 
worn from previous rocks, and more or less comminuted. 2. 
Time enough, also, to allow of hundreds of changes in the ma- 
terials deposited : such changes as now require a long period 
for the production of one of them. 3. Time enough to allow 
of the growth and dissolution of animals and plants, often of 
microscopic littleness, suflScient to constitute almost entire 
mountains by their remains. 4. Time enough to produce by 
an extremely slow change of climate, the destruction of several 
nearly entire groups of organic beings. For although sudden 
catastrophes may have sometimes been the immediate cause of 
their extinction, there is reason to believe that those catastro- 
phes did not usually happen, till such a change had taken place 
in the physical condition of the globe, as to render it no longer 
a comfortable habitation for beings of their organization. 5. 
We must judge of the time requisite for these deposits by 
similar operations now in progress ; and these are in general 
extremely slow. The lakes of Scotland, fpr instance, do not 
shoal at the rate of more than 6 inches in a century. Maccul- 
loch?8 Geology^ Vol 1. p- 6'»7. See also a full view of the ar- 
guments on this subject in Dr, X Pye Smithes Lectures on 
Scripture and Geology^ p. 394. Second London Editionj 1840. 
Ohj. 1. The rapid manner in which some deposits are 
formed at the present day : ex. gr. in the lake of Geneva ; 
where, within the last 800 years, the Rhone has formed a delta 
two miles long and 900 feet in thickness. LyelVs Prin. GeoL 
Vol. I. p. 213. 

Ans. Such examples are merely exceptions to the general 
law, that rivers, lakes, and the ocean are filling up with ex- 
treme slowness. Hence such cases show only that in ancient 
times, rocks might have been deposited over limited areas, in a 
rapid manner ; but they do not show that such was generally 
the cas^. 

Obj. 2. Large trunks of trees, from 20 to 60 feet long, 
have sometimes been found in the rocks, penetrating the strata 
perpendicularly, or obliquely ; and standing apparently where 
they originally grew. Now we know that wood cannot resist 
decomposition for a great length of time, and therefore, the 
strata around these trunks must have accumulated very rapidly ; 
and hence the strata generally may have been rapidly formed. 
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Am. Admitting that the strata enclosing these trunks were 
rapidly deposited, it might have been on]y such a case as is de- 
scribed in the first objection. But sometimes these trunks may 
have been drifted into a lake or pond, where a deep deposit of 
mud had been slowly accumulating, which remained so soft, 
that the heaviest part of the trunks, that is, their lower ex- 
tremity, sunk to the bottom by their gravity, and thus brought 
the trunks into an erect position. Or suppose a forest of trees 
sunk by some convulsion, in the manner described by Rev. Mr. 
Parker in the Columbia River : (See Section VIII. Exploring 
Tour beyond the Rocky Mountains^ p. 132 j first Ed.) how rapid- 
ly might deposits be accumulated around them, were the river 
a turbulent one, proceeding from a mountainous region. 

Obj^ 3. The vast accumulations that have been made of 
the shields of animalcula since the commencement of the 
historic period, show that similar deposits of other animal re- 
mains might have been made of much greater thickness in an- 
cient times, in a comparatively short period. 

Ans. If it can be shown that the larger animals, like those 
found fossil, have a power of increase that will compare at all 
with the astonishing multiplication of animalcula, the objection 
will be valid : but not till then : and this can never be shown. 

Obj. 4. All the causes producing rocks may have operated 
in ancient tim^ with vastly more intensity than at present. 

Ans. This, if admitted, might explain the mere accumulation 
of materials to form rocks. But it would not account for the 
vast number of changes which took place in their mineral and 
organic characters ; which could have taken place, without a 
miracle, only during vast periods of time. 

Obj, 5. The fossil iferous rocks might have been created, 
just as we now find them, by the fiat of the Almighty, in a 
moment of time. 

Ans. The possibility of such an event is admitted : but the 
probability is denied. If we admit that organic remains, from 
the unchanged elephants and rhinoceros of Siberia, to the perfectly 
petrified triiobites and terebratulse of the transition strata, were 
never living animals, we give up the whole ground work of 
analogical reasoning ; and the whole of physical science falls to 
the ground. But it is useless formally to reply to an objection, 
which would never be advanced by any man, who had ever ex- 
amined even a cabinet collection of organic remains. 

Inf. 12. There is reason to suppose that immense numbers of 
the softer species of animals, which hav^ no solid parts, may 
have lived and died, during the deposition of the older fossilifer- 
ous rocks, without leaving in the rocks a vestige of their exist- 
ence. 
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Proof, Limestone, (that is the carbonate of lime,) being then 
less common than at a later period, it is probable that animals 
not needing it to form a covering or a skeleton, would have 
been created; since we find that in all periods living beings had 
natures exactly adapted to their condition. Again, we find 
many of the older secondary limestones highly bituminous : and 
the decomposition of soft and gelatinous animals would have 
produced a large amount of bitumen. De la Beckers Manual^ 
p. 476. 

Inf, 13. The greater part of the accessible crust of the globe 
may once have constituted portions of the animal frame. 

Proof. In respect to limestone, which has been thought to 
constitute about one seventh of the earth's crust, the presump- 
tion in favor of its animal origin, seems quite probable : that is, 
animals have the power of separating lime from its other com- 
binations and converting it into the carbonate. {Macculloeh^s 
SysL Geol Vol. I. p. 219. LyelVs Prin, Geol. Vol 2. p. 183.) 
The recent discoveries of Ehrenberg, respecting fossil animalcula, 
already detailed, make it probable that a large amount of silica 
and oxide of iron may have thus originated. At a late meeting 
of the British Association, for the Advancement of Science, this 
naturalist exhibited " a large glass full of artificial siliceous 
earth," which he had prepared from existing infusoria ; and he 
says that " pounds and tons of this earth may be easily prepared." 
Am. Jour. Sci. Vol. fid. p 372 ) I am not prepared, however, 
to go so far on this subject, as a recent able and elegant writer, 
who says, that " probably there is not an atom of the solid ma- 
terials of the globe, which has not passed through the complex 
and wonderful laboratory of life." MantelVs Wond, Geol. Vol. 
2. p, 670. 

Inf 14. It appears that every successive general change, that 
has taken place on the earth's surface, has been an improvement 
of its condition. 

Proof Animals and plants of a higher organization have 
been multiplied with every change, until at last the earth was 
prepared for the existing races ; the most generally perfect of 
all, with man at their head. 

SECTION VI. 

OPERATION OP AaUEOUS AND ATMOSPHERIC AGENCIES IN PRO- 
DUCING GEOLOGICAL CHANGES. 

Prin. The basis of nearly all correct reasoning in geology, is 
the analogy between the phenomena of nature in all periods of 
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the world's history : in other words, similar effects are supposed 
to be the result of similar causes at all times. 

Jllus, and Proof, This principle is founded on a belief in the 
constancy of nature : or that natural operations are the result of 
only one general system, which is regulated by invariable laws. 
Every other branch of physical science, equally with geology, 
depends upon this principle : and if it be given up, all reasoning 
in respect to past natural phenomena, is at end. 

Rem. It does not follow from this principle that the causes of ge- 
ological change have always operated with equal intensity, nor with 
entire uniformity. How great has been the irregularity of their action, 
is a subject of debate among geologists. 

Inf. We see from the preceeding principle, how important it 
is to ascertain the true dynamics of existing causes of geological 
change : that is, the amount of change which they are now 
producing. For until this is done, we cannot determine wheth- 
er these causes are sufficient to account for all the changes 
which the earth has undergone. 

Rem.^ Heat, cold, and water in its manifold states, liquid, solid and 
vaporous, so often act conjointly upon rocks, that their separate agency 
cannot be pointed out. But the results of their combined action are 
numerous. 

Glaciersy Avalanches^ Icebergs, and Landslips. 

Descr» Glaciers are masses of ice which are enclosed in Alpine 
valleys, or are suspended upon the flanks of the mountains 
which rise into the regions of eternal frost. Being of a white 
colour, they appear at a distance like vast streams of snow issu- 
ing from lofty summits, and extending into the lower valleys. 
In the Alps, where the large glaciers have received distinct 
names, as Bossons, Montanvert, Aletsch, Viesch, &c., they ter- 
minate sometimes as high as 7000 or 8000 feet ; but some de- 
scend to 3000 feet. They are sometimes three miles wide and , 
fifteen mile6 long : and their thickness at the lower end varies 
from 80 to 100 feet, and at the upper end, from 120 to 180 feet. 
Etudes sur les Glaciers par Agassiz^ Neuchatelj 1840. From 
this most interesting work, 1 derive nearly all the statements 
that follow respecting glaciers. 

Descr* Glaciers are composed of snow that has been more or 
less melted and again frozen. The lower part becomes pure 
solid ice : the upper part is composed of a sort of granular snow, 
called in French, nevej and in German, Jim- A new layer is 
added at least each year, so that the mass is stratified. The ujj- 
per surface is rough and sometimes covered by pointed masses of 
ice, called Aiquilles or Needles. Fissures across the glacier, 20 
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or 30, and sometimes even 100 feet wide, are very common, 
produced by the unequal temperature of different parts of the 
mass. The slope of glaciers is frequently quite moderate. The 
lower end of the glacier of Aar, which is^l5 miles long, is 3000 
feet below the upper end. The slope of that of Aletsch, is 2° 
58 : that of the Mer de glace of Chaumoni, is 3® 15. 

Descr, The crests and higher parts of the Alps, which are 
frequently vast j^Za/eattx, or table land, containing 100, 200, or 
even 300 square miles, are covered with thick continuous masses 
of ice, through which the lofty peaks sometimes rise as volcanic 
mountains from the ocean. These plateaux are denominated 
Mers de Glace y or seas of ice : and from them the glaciers or- 
iginate. The mers de glace by expansion, send down the sides 
of the mountain, especially through the valleys, enormous streams 
of ice, which continue to descend until they are melted. The 
common opinion that the glaciers slide down the mountains by 
their weight, is found to be incorrect ; as they are not detached 
from the mer de glace ; and it is only the lower part, where the 
ground is thawed beneath, that slides over the surface, and that 
by the expansion of the ice. In the winter they do not slide at 
all on their bottom. 

nius. To give a more accurate idea of glaciers, I have reduced a few 
of the splendid drawings of the Etudes sur les Glaciers, and had them 
executed on wood. They have been so well executed by the artist, as 
to give almost as good an idea of the phenomena of glaciers, as the 
originals. Fig. 87, is a view of the upper part of the Glacier of Viesch, 
as it proceeds from the distant mer de glace, and winds through 
the long valley. 

DescT, When the slope down which the glacier descends is 
very steep, or it is crowded to the edge of a precipice, huge 
masses sometimes are broken off by gravity, and tumbling down 
the mountain, produce great havoc. In the Alps these are cal- 
led Avalanches ; and so large are they sometimes, that from one 
to five villages, with thousands of inhabitants, have been de- 
stroyed in a moment. LyelPs Prin, Geoh VoL 2. p. 125. 

Descr. Landslips are a somewhat similar occurrence, happening in 
countries where perpetual frost does not exist. They frequently occur 
in the spring, when the frost leaves the soil, and the great weight of 
snow and ice drags along with it trees, soil and rocks, down the moun- 
tain's side. Sometimes these slides take place in the summer, after 
powerful rains ; as that in the White Mountains in 1826, by which a 
family were destroyed. Marks of ancient slides are Visible on the sides 
of the Hopper on Saddle Mountain in Massachusetts. 
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Descr, When avalanches occur on the steep shores of the 
ocean in high latitudes, the mass of ice, loaded perhaps with de- 
tritus, is precipitated into the sea and constitutes an iceberg. 
These icebergs are drifted often to a great distance by oceanic 
currents. Those from the northern ocean are seen as far south 
as 40° N. latitude. They are sometimes a mile in diameter, 
and rise 250 or 300 feet above the surface, and consequently 
must sink more than 2000 feet below ; as every cubic foot 
above, implies 8 cubic feet below the surface. They were 
exceedingly numerous and large in the Atlantic Ocean in W- 
longitude about 50, reaching probably from N. latitude 40*^ to 
43*=*, in the spring of 1841. N. York Mercury y June 10, 184U 
Capt, HoskenPs Statement. 

flhis. Fig- 88, shows the lower extremity of the glacier of Aletsch in 
the Alps, wiiere it enters the lake of Aletsch, which it formerly caused 
to overflow with great devastation. Masses of ice are frequently broken 
off and float about in the lake, as shown in the figure. This is one of 
the largest glaciers in the Alps. 

Descr, As glaciers advance by expansion, they break off 
masses of rock from the sides and bottoms of the valleys, and 
crowd along whatever is movable, so as to form large accumu- 
lations of detritus in fronc and along tneir sides. When the 
glacier melts away, these ridges remain, and are called moraines, 
Agassiz describes three kinds: 1. The terminal mornine^ or that 
at the extremity of the glacier : 2. Lateral moraines ^ or those 
ridges of detritus formed along the flanks of the glacier. They 
are thickest at their lower part, and decrease upwards. 3. 
Medial inoraines^ or those longitudinal trains of blocks which 
sometimes accumulate upon the top of the glacier, especially 
where glaciers unite from two valleys, and crowd the detritus 
between them upon their tops. The moraines are sometimes 30 
or 40 feet high. 

Descr, At the lower extremity of the glacier, there is a vault 
from which issues, especially in the summer, a stream of water, 
which ramifies upward beneath the ice like rivers in general. 
This stream, continuing from generation to generation, w^ears 
out a channel in the rocks as it descends from the glacier. 

Illus. Fig, 89, shows the lower extremity of the glacier of Viesch, with 
a distinct terminal moraine, which, at the sides, is connected with lat- 
eral moraines. A stream of water is seen issuing from the glacier, 
which has worn a channel in the rocks. On Fig. 87, are shown both 
lateral and medial moraines : the latter considerably scattered. 

Descr. The progress of glaciers down their slope by expan- 
sion, varies with their situation and the temperature and hygro- 
metric state of the season : for they move only in the summer. 
In a single case the advance was 4400 feet in nine years. Some- 
times they advanced lower and lower for several years in con- 
15 
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172 STRUE ON THE ROCKS. 

sequence of the low tcTiperature, and then they retreat by being 
melted and e vapor ate i when the seasons are warmer. But 
these changes have no regular period, nor are they dependent upon 
any general changes in the temperature of the globe. As the 
glaciers advance and retreat they produce and leave successive 
moraines, especially terminal ones. 

Rem. Water in freezing enlarges about one ninth of its volume. Tur- 
ner's Chemistry, p. 19. Ftfth American Edition. 

Descr, Although the inferior surface of the glacier is^ pure 
smooth ice, yet it is usually thickly set with fragments of rock, 
pebbles and coarse sand, firmly frozen into it, which make it a 
huge rasp ; and when it moves forward, these projecting masses, 
pressed down by the enormous weight of the glacier, wear down 
and scratch the solid rocks ; or when the materials in the ice are 
very fine, they smooth and even polish the surface beneath. 
The movable materials beneath the ice are crushed and rounded, 
and often worn into sand or mud. The rocks in place, against 
which the glacier presses, are also smoothed and striated upon 
their sides. These striae, wherever found, are perfectly parallel 
to one another, because the materials producing them are fixed 
in the bottom of the ice. But as the glacier advances and 
retreats, new sets of scratches will be produccfd, which some- 
times cross those previously made, at a small angle. 

Illtts. Fig. 90, shows a specimen of schistose serpentine smoothed and 
■cratched beneath a glacier in the Alps. 

Fig. 90. 




Rocks wtriated by Olaciers, 



Fig. 91, is another similar specimen, exhibiting two sets of striae cross- 
ing one another at a considerable angle. 
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iZocA» ttriated by Qladm'*, 

Descr. When the ledges beneath the glaciers are uneven, and 
exhibit many angular projections, the angles are worn off and the 
surfaces assume that peculiar rounded and undulating appearance 
denominated by Saussure, Roches mdutonnees ; some imperfect 
examples of which are shown on Figs. 87 and 88, where a con', 
siderable surface near the lower left hand corner of the draw- 
ing, shows the effect of former glaciers. 

DescT, Currents of water sometimes conspire with themove-s 
ments of the glacier, and form grooves or troughs of consider- 
able depth and width on the top of precipitous rocks, to which 
currents of water could have no access were not the space 
around them filled with ice. Such furrows are called in Switz- 
erland, Lapiaz^ or Lapiz, 

Rem. The phenomena of glaciers form a new and iinportant element 
in geological reasoning. The application of the details that have been 
given will be seen when we come to the subject of diluvium or drift in 
the last part of this Section. 

15* 
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DegradoHan of Rocks and 8ml hy JFVotf and Rains, 

Descr. Water acts upon rocks and soils both chemically and 
mechanically : chemically, it dissolves some of the substances 
which tiiey contain, and thus renders the mass loose and 
porous : mechanically, it gets between the particles and forces 
them asunder ; so that they are more easily worn away when a 
current passes over them. Congelation still more effectually 
separates the fragments and grains, and thus renders it easy for 
rains and gravity to remove them to a lower level. In a single 
year the influence of these causes may be feeble : but as they 
are repeated from year to year, they become in fact some of the 
most powerful agencies in operation to level the surface of con- 
tinentSn 

Detritus or Debris of Ledges. 

Descr. \i is chiefly by the action of frost and gravity, that 
those extensive accumulations of angular fragments of rocks 
are made, that often form a talus^ or slope, at the foot of naked 
ledges, and even high up their faces. In some cases, though 
not generally, tl;iis detritus has reached the top of the ledge, 
and no farther additions are made to the broken spoils, which 
usually slope at an angle not fax from 40®. Examples of this 
detritus are usually most striking along the mural faces of trap 
rocks ; as for instance in the valley of Connecticut river in New 
England. 

Inf. From these &cts it appears that the earth cannot have 
existed in its present state an immense period of time : other- 
wise these slopes of dehns would in every instance have ex- 
tended to the top of the ledge : that is, the work of degradation 
would have been finished. We cannot, indeed, determine from 
this geological chronometer, the chronological epoch when this 
work of degjc&da^on commenced : but we are at least made sure, 
that the present state of the earth had a beginning. 

Rivers* 

Descr. Rivers produce geological chanees in four modes > 
1. By excavating some parts of their beds. 2. By filling up 
other parts. 3. By forming deposits along their banks. 4. 
By forming deposits, called deUasy at their mouths. 

Examples, Most of the larger rivers, especially where they flow 
througl^a level country, are filling up their channels : but where small- 
er streams, pass through a mountainous region, the power of excavation 
is still going on : And it is accomplishjed in a good measure by means 
of ice freshets. It isb imppssible for one who has not witnessed the break- 
ing up of one of these streams in thjB spripg, when for many miles the 
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whole chaiuMl beemnei literallj chocked with lee, to form an adequate 
idea of th^ immense excavating force which it exerts, 

Dtscr, The deposit formed in the lake of Geneva bj tl\e 
waters of the Rhone, has been already mentioned. Another 
18 formed at the mouth of this river, on the shore of the Medi* 
terranean, and is said to be mostly solid calcareous and even 
crystalline rock. {LyelPs Prin. Geol Vol l.p. 219.) The 
delta of the Mississippi has advanced several leagues since New 
Orleans was built. The delta of the Ganges commences 220 
miles from the sea, and has a base 200 miles long, and the 
waters of the ocean at its mouth are muddy 60 miles from the 
shore. Since the year 1243 the delta of the Nile has advanced 
a mile at Damietta ; and the same at Foah since the 15th cen- 
tury. In 2000 years the gain of the land at the mouth of the 
Fo, has beej^ 18 miles, for 100 miles along the coast. The 
delta of the Niger extends into the interior 170 miles, and 
along the coast 300 miles, so as to form an area of ^25.000 
square miles. 

Descr, An immense alluvial deposit is forming at the mouth 
of the river Amazon and Oronoco ; most of which is swept 
northerly by the Gulf Stream. The waters of the Amazon are 
not entirely mixed with those of the ocean at the distance of 
300 miles from the coast. The quantity of sediment annually 
brought down by the Ganges, amounts to 6.36S.077.440 tons ; 
or 60 times more than the weight of the great pyramid in Egypt. 
The quantity of matter chemically and mechanically suspended 
in the waters of Merrimack river, that run past the city of 
Lowell in Massachusetts, in 1838, according to the very accur* 
ate experiments of Dr. Samuel L. Dana, amounted to 1.678.343. 
810, pounds avoirdupois. The annual amount of anthracite 
coal used in the Merrimac Print Works in Lowell, is 5000 
tons : and Dr. Dana estimates, that if the above amount of sedi- 
ment were coal, it would supply those works 167 years. The 
quantity of water discharged by the Merrimac in 1838, was, 
219.598.840.800. cubic feet. 

Inf, 1 . The extensive deposits thus forming daily by rivers, 

need only consolidation to become rocks of the same character as 

the shales, sandstones, and conglomerates of the secondary series. 

Inf. 2. Rivers in general have not excavated their own beds : 

but run in valleys formed for the most part by other causes. 

Proof I. In a majority of instances they are filling up their 
beds. 2. Transverse valleys frequently cross the course of 
rivers in such a way, that the water must have originally passed 
through them instead of excavating their present channels. 

IUh9, Fig. 93, shows Connecticut river, crossing Massachusetts and 
ConnectiQut, and emptying into Long Island Sound. If it had been 



Digitized by 



Google 



i7e 



TEREACUD TALLETd. 



left, at first to find its own way to the oodan, and the passage betwee)i 
Holyoke and Tom Cwhich are in fact but one ridge ,)had not been form-, 
ed. It mnst have passed through the valley A, to the Sound : since no 
part of that valley, (through which the Farmington canal passes,) is 
more than 134 feet above the present bed of the river, where it runs be- 
tween Holyoke and Tom. Or if the bed of the river had not existed 
through the mountains below Middletown in Connecticut, the river, in- 
stead of forming it, would have passed to the Sound through the valley 
B, through which the Hartford and New Haven Rail Roiui now runs, 
and no part of which can be more than 20 or 30 feet above the present 
level of the river at Hartford. 

Descr. Terraced Valleys^ (of one of which a cross section is 
given in Fig. 92, at A,) sometimes exist in alluvial or tertiary 
regions, with the terraces on each side of equal height : and 
these appear to have been formed by the excavating operations 
of the rivers themselves. 

Mode of Formation. Some suppose them formed by t^ sudden and 
successive bursting away of the barriers by which the river has been re- 
strained. But it IS wholly unnecessary to suppose any such bursting 
of barriers. The slow and uniform operation of the stream upon allu- 
vial soil, will explain all the phenomena. But the explanation cannot 
be given here for want of room. It will be found in my Final Report 
on the Geology of Massachusetts, Vol. 2. p. 332. 

Dr. Buckland has recently suggested that these parallel terraces in 
Scotland are probably "the eirects of lakes produced by glacial 
action." Proceedings of the Geological Society, J^ov. ISfA. 1840, />. 333. 




Valleys. 

Other Valleys. 

Descr. The terraced valleys above described are denomina- 
ted valleys of denudation when produced by the denuding 
force of water : and numerous valleys of other shapes, having 
heen formed in the same manner, are thus called. Indeed, 
scarcely a valley exists that has not been more or less modified 
by this cause. Bat the greater part of the larger valleys that 
furrow the earth's surface, had a different origin ; viz. the ele- 
vations, fractures, and dislocations which the strata have 
experienced. 
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Proof. The pKenomeiia of longitudinal and transverse valleys prove 
that all of them cannot have been the result of running water. In 
Fig. 93, which is a sketch of the valley of Connecticut river, with a 
portion of the mountainous region on both sides, it will be seen that 
the general direction of the mountain ridges, and of course of the 
valleys, is nearly north and south. Nevertheless, it will be seen that 
the tibutaries of the Connecticut, Farmington, Agawam, and Deer- 
field rivers, and also the Connecticut itself, pass across these ridges and 
longitudinal valleys, in transverse valleys, which must be deeper than 
the others, else the water would flow out laterally into the longitudinal 
valleys. Now it is obvious that both sets of these valleys could not 
have been excavated by water. For if the longitudinal valleys were 
thus formed, how could the water afterwards be raised to the requisite 
level, for cutting valleys through the longitudinal ridges .'* We must, 
therefore, suppose that one and often both of these sets of valleys origi- 
nated in the fractures and foldings of the strata at the time of their ele- 
vation ; and that water has only rounded tlieir outlines and covered 
their inequalities with detritus. 

Def. When a valley is produced by the sinking of the strata ; 
or which is the same thing, by their elevation along two para- 
lel anticlinal lines, it forms, what is called a Valley of Subsi- 
dence^ as B. Fig. 92. When bv the elevation of the strata, they 
are made to separate at their highest point, a valley is produced, 
called a Valley of Elevation ; as C. When a fracture has taken 
place in the strata, so as to leave the sides very steep and the val- 
ley narrow, a ravine is produced ; as at D. In such a case the 
hrw^^ ptHr%-&f tke-fiesiires is usutilly filled up with detritus. 

Prin. In some instances it is very difficult to decide, whether 
a particular gorge or ravine has been excavated by existing stream* 
or by earlier agency, or was in part formed by some original dis- 
location of the strata, or by all these causes combined. 

Ex. The deep ravine, seven miles long, between the falls of Niagara 
and Lake Ontario, has occasioned much discussion among geologists, 
respecting its origin. The falls are about 150 feet in height ; and 670.000 
tons of water are precipitated over them every minute. The upper 
stratum of rock is limestone ; beneath which is shale, which wears aWay 
faster than the limestone, so as to cause the latter occasionally to break 
off in large masses ; and the falls have been said in this way to recede 
50 yards in 40 years. At this rate it would have required 10.000 years 
for them to have reached their present situation, if they commenced at 
Lake Ontario ; and 30.000 years longer will be necessary to reach Lake 
Erie. But the rate of retrocession is yet unsettled ; and probably it 
would be very different at different periods ; and besides, the suggestion 
of Prof Rogers (^m. Journal of Science^ Vol. 27, p. 326.) that diluvial 
action may have commenced the excavating process, has no little plau- 
sibility : so that the time already occupied in forming this ravine, and 
the time requisite to carry it to Ontario, must be regarded as deternlin- 
ed only conjee turally. The geologist, however, who witnesses the 
extensive excavations made by other streams in our country in the solid 
rocks, will not be disposed to reject the above calculations sintply be- 
cause they require vast periods of time. 
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Bursting of Lakes, 

Descr, A few examples have occurred in which a lake, or 
a large body of water long confined, has broken through its 
barrier and inundated the adjacent country. An interesting 
example of this kind occurred in the town of Glover in Ver- 
n.ont ; in which two lakes, one of them a mile and a half long 
and three fourths of a mile wide, and in some places 150 feet 
deep ; and the other, three fourths of a mile long, and half a 
mile wide, were let out by human labor, and being drained in 
a few minutes, the waters urged their way down the channel of 
Barton river, at least 20 miles to Lake Memphramagog, mostly 
through a forest, cuviing a ravine from 20 to 40 rods wide, and 
from 50 to t>0 .feet\deep", inundating the low lands, and deposit- 
ing thereon vast quantities of tm\ber. {American Journal* of 
Science^ Vol 11, p. 39.) In 1818, the waters of the Dranse in 
Switzerland, having been long obstructed by ice, burst their bar- 
rier and produced still greater desolation, because the country 
was more thickly settled than the borders of the lakes above 
named. De la Bec1ie*s Manual^ p. 56. 

Rem. It has been supposed, that should the falls of Niagara ever 
recede to lake Erie, a terrible inundation of the region eastward would 
be the result : But De la Beche has proved satisfactorily, that the only 
effect would be a gradual draining of lake Erie, with only a slight in- 
crease of Niagara River. Theoretical Geology, p. 154. 

Agency of (he Ocean. 

Descr. The ocean produces geological changes in three modes: 
1. By its waves : 2. By its tides: 3. By its currents, Their 
effect is twofold : I. To w^ear away the land : 2. Toaccumulate 
detritus so as to form new land. 

Desct. The action of waves or breakers upon abrupt coasts, 
composed of rather soft materials, is very powerful in wearing 
them down, and preparing the detritus to be carried into the 
ocean by tides and currents. During storms, masses of rocks 
weighing from 10 to 30 tons, are torn from the ledges, and 
driven several rods inland, even up a surface sloping with a con- 
siderable dip towards the ocean. 

Examples. In the 13th century, a strait half as wide as the channel be- 
tween England and France, was excavated in 100 years in the north 
part of Holland : but its width afterwards did not increase. The Eng- 
lish Channel also, has been supposed to have been formed in a similar 
manner. In England, several villages have entirely disappeared by the 
encroachments of the sea. At Cape May, on the north side of Delaware 
Bay, the sea has advanced up(m the land at the rate of about 9 feet in a 
year ; and at Sullivan's Island, near Charleston, S. Carolina, it advanced 
q auarter of a mile in three years. But perhaps the coast of Nova Sco- 
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tia and New England, exhibits the most striking examples of the pow* 
erful wasting agency of the waves, whose force there is often tremen- 
dous, especially during violent northeast storms. Where the coast ia 
rocky, insulated masses of rocks (in Scotland calle 1 Drongs^) are left on 
the shore, giving a wild and picturesque effect to 1 1? scenery, as in the 
following sketch. Fig. 94, which was taken upo-i Jewell's Island in 
Casco Bay. 

Fiff. 94. 




DrongM on JcvctlVs Island -."Casco Bay. 

Descr. It is difficult to examine the coast of Nova Scotia and New 
England ; — to witness the great amount of naked battered rocks, and to 
«ee harbors and indentations chiefly where the rocks are rather soft, 
while the capes and islands are chiefly of the hardest varieties, — with- 
out being convinced that most of the harbors and bays, have been pro- 
duced by this agencv. In Boston Harbor, the outer islands are composed 
of naked rock, and mrther within the harbor, the outer borders of the 
islands are being swept of their loose soil. Here we see the steady 
progress of this encroaching process. 

Fig. 95, shows the rocks and light houses (there is scarcely anything 
else to be seen,) on the island near the extremity of Cape Ann, in Mas- 
sachusetts, which is peculiarly exposed to N. E. storms. 

Fig. 96, will give an idea of the appearance of the islands in Boston 
Harbor, as it is entered from the northeast. 

Purgatories, 

Descr, When the rocks exposed to the waves are divided 
by fissures, running • perpendicular to the coast, the mass be- 
tween two fissures is sometimes removed by the water, thus 
leaving a chasm, often several rods long and very deep, into 
which the waves rush during a storm with great noise and vio- 
lence. Such caverns have received in New England, the sin- 
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gular appellatioQ of PurgutomM. Very goa<j 0?c9«pple8 ojcpur i4 
the vicinity of Newport, Rhode Island. 

Rem. Similar fissures with the same name occur iu the interior \ jbls \^. 
Sutton a,n«l Grei^t Barrington in Massachusetts. 




Fig. 96, 




Denudation of Islands in Boston Harbor, 

Beaches of Shingle and Sand* 



Descr. The shingle, or perfectly water worn pebbles of a 
coast, and sand, are sometimes driven upon the shore by the 
waves, so as to form beaches ; and sometimes even large bowl- 
ders are thus urged inland by powerful storms, so as to lie in a 
row on the shore. In some cases of this sort, after the beach- 
es have been formed, the waves rather protect the coast than 
encroach upon it. 

Dmes or Downs* , 3.. "- " 

Descr. The sand which is driv^^^npon the shore by the 
waves as above described, is off^f carried so far inland as to be 
16 
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beyond the reach of the returning wave ; and thus an acctt* 
mulation takes place, which is the origin of most of those mov- 
ing sand hills, known hy the name of dunes or downs* When 
the sand becomes dry, the sea breezes drive it farther and far- 
ther inward ; the land breezes not having equal power to force 
it back : and at length it becomes a formidable enemy, by over- 
whelming fertile fields, filling up rivers, and burying viflagea- 
Sometimes these dunes occur in the interior of a country. 

Examples. Every one is familiar with the history of these chines in 
Egypt. The westerly winds have brought in the sands from the Lybian 
desert, and all the west side of the Nile, with the exception of a few 
sheltered spots, has been converted into an arid waste. In Upper 
Bffypt especially, the remains of ancient temples, palaces, cities, and 
Villages, are numerous among* the drifting sands. In Europe, around 
the Say of Biscay^ a similar destructive process is going on. A great 
number of villages have been entirely destroyed ; and no less than ten 
Are now imminently threatened by sand hills, which advance at the rate 
of 60 or even 72 feet annually. On the coast of Cornwall in England, 
similar effects have taken place. These dunes are also common on the 
coast of the United States, especially on Cape Cod in Massachusetts ; 
where strenuous efforts have been made to arrest their progress, and to 
prevent the destruction of villages and harbors that are threatened. 

Waves and Tides. 

kern. 1. It has gerieraliy been stated that waves do not atffe6t the bot- 
tom of the ocean where the water is more than 20 feet deep. But the 
fexact depth to which their disturbing influence extends, has not been 
accurately settled. 

Rem. 2. It must be recollected in estimating the power of waves to 
remove rocks, that the weight of the latter in water is not much more 
than half their weight in air } and consequently that a much less force 
will remove them. 

Descr. In large inland bodies of water, such as the Mediter- 
ranean, Black and Caspian Seas, and Lake Superior, tides are 
scarcely perceptible ; never exceeding a few inches ; and in 
the open ocean they are very small ; not exceeding 2 or 3 feet : 
But in narrow bays, estuaries, and friths, &vorably situated for 
accumulating the waters, the tides rise from 10 to 40 feet ; 
and in one instance even 60 or 70 feet on the European coasts,^ 
and in the Bay of Fundy, in Nova Scotia, 70 feet. In such cases 
especially where wind and tide conspire, the effect is conside- 
rable upon limited portions of coast, both in wearing away and 
filHng up. De la Becheh Manual^ p. 85. LyelVs Prin. Geai 

Vol 1. p. 238. 

Oceanic Currents, 
Descr. Oceanic currents are produced chiefly by winds. 
The most extensive current of this kind is the Gulf Stream. 

This flows out of the Indian Ocean, around the Cape of QoQd 
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Hope, passes northward along the coast of Africa to the equa- 
tor, thence across the Atlantic ; being increased by the Trade 
winds : and impinging against South Aofierica, it is turned 
northward, and continues along the coast of the United States 
even to the banks of Newfoundland ; from whence it turns east 
and southeast across the Atlantic, returning to the coast of 
Africa to supply the deficiency of waters there. It is estimated 
that this curreat covers a space 2000 miles in length, and 350 
in breadth. Its velocity is very variable ; but may be stated as 
from one to thiee and even four miles per hour ; its mean rate 
being 1.6 mile. A current sets northward between America 
and Asia, through Behring's Straits, which passes around the 
northern extremity of America, and flows out into the Atlantic 
in two currents, one called the Greenland current, which passes 
along the American continent, at the rate sometimes of 3 or 4 
miles per hour, until it meets and unites with the Gulf Stream, 
near the Banks of Newfoundland, where the velocity is two 
miles per hour : the other sets into the Atlantic between Ameri- 
ca and Europe. It is these two currents that convey icebergs 
as far south as the 40th degree of north latitude before they are 
melted. Among the Japanese Islands a current sets northeast, 
sometimes as strong as five miles per hour. Another sets 
around Cape Horn from the Pacific into the Atlantic Ocean. 
A constant current sets into the Mediterranean through the 
straits of Gibralter, at less than half a mile per hour. It has 
been conjectured, but not proved, that an under current sets 
outward through the same strait, at the bottom of the ocean. 
Mr. Lyell also suggests that the constant evaporation going on 
in that sea, may so concentrate the waters holding chloride of 
sodium in solution, that a deposit may now be forming at the 
bottom. But the deepest soundings yet made there, (5880 feet,) 
brought up only mud, sand, and shells. Numerous other cur- 
rents of less extent exist in the ocean, which it is unnecessary 
to describe. They form, in fact, vast rivers in the ocean, whose 
velocity is usually greater than that of the larger streams upon 
the land. De la Beckers Manual^ />. 91. 

Dtscr. The ordinary velocity of the great oceanic current^ 
is from one to three miles per hour : but when they are driven 
through narrow straits, especially with converging shores, and 
the tides conspire with the current, the velocity Incomes much 
greater, rising to 8, 10, and even in one instance to 14 miles 
per hour. LyelVs Prin. Geol Vol. 1. p. 240. 

Descr. The depth to which currents extend has not been 
accurately determined. Some limited experiments seem to in- 
dicate that they may sometimes reach to the depth of nearly 
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50Q feef . It ought to bo remembered, hoirerer, that tbe friction 
of water against the bottom ^ greatly retards the lower portion 
of the current ; so that the actual denuding and transporting 
power in these currents is far less than the velocity at the sur* 
race would indicate. 

Descr. Alike uncertain are the data yet obtained, for de* 
teilnining what velocities of water at the bottom are requisite, 
for removing mud, sand, gravel, and bowlders. It has been 
stated, however, (and these are the best results yet obtained,) 
that 6 inches per second will raise fine sand on a horizontal sur- 
£eM^e, 8 inches, sand as coarse as linseed; 12 inches, fine 
gravel : 24 inches per second will roll along rounded gravel an 
inch in diameter : and 36 inches will move angular fragments 
of the size of an egg. The velocity necessary for the removal 
of large bowlders has not been measured. A velocity of 6 feet 
per second would be 4 miles per hour : of 8 feet per second, 5.4 
miles per hour : of 12 feet per second, 8.2 miles per hour : of 
24 inches per second, 16.4 miles per hour : of 36 feet per se- 
cond, 24.6 miles per hour. Fine mud will remain suspended in 
water that has a very slight velocity, and often will not sink 
more than a fi>ot in an hour ; so that before it reached the depth 
of 500 feet, it might be transported by a current of 3 miles per 
hour, to the distance of 1500 miles. De La Beckers Theoretical 
Ckoiogy^p. ^^ and 64. 

Inf. 1. It appears that most rivers, in some part of their 
eourse, especially when swollen by rains, possess velocity of 
current siifficient to remove sand and pebUes ; as do also some 
tidal currents around particular coasts: but large rivers and 
most oceanic currents can remove only the finest ingredients ; 
and as to large bowlders, it would seem that only the most vio- 
lent waves and mountain streams can tear them up and roll them 
along. 

Ir^, 2. Oceanic currents have the power greatly to modify 
the situation of the materials brought to the sea by rivers and 
tides, and to spread them over suHaces of great extent. 

Example. The waters of the Amazon, still retaining fine sediment, are 
foun4 on the surface of the ocean 300 miles from the coast, where they 
are met by the Gulf stream, which runs there at the rate of 4 miles per 
hour. Thus are these waters carried northerly along the coast of Gui- 
ana, where an e3rtensive deposit of mud has been formed, which extends 
an unknown distance into the ocean. In like manner, the muddy 
waters of the Oronoco and other rivers are swept northerly, and probably 
ft deposit is going on along the whole coast of America as far north as 
the Gulf Stream extends. LydVs Frin. GeoL Vol. 1. y, 287. 
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C(Uc<vre(m9 TV^y ^ TVairarHfL 

Descr. In certain eireuraataoces water hold^ in aolytioA % 
qnantity of carbonate of lime, which i8 readily deposited when 
those circumstances change. The deposit i« called 7Vav^/tfi| 
or Calcareous 7\tfa, 

Examples, At Clermont in Fninee^ a linfle thermal spring has cle* 
pouted a mass of travertin 240 feet long, 16 feet high, and 13 feet wide! 
At San Vignone in Tuseanv, a mass has been fbrmed upon the side of a 
hill, half a mile long and of varions thickness, even np te 906 feet. At 
San Filippo, in the same oonntry, a spring has deposited a mass 30 feet 
thick in ^ ^ears. And a mass is found there, 1.35 mile in length, one 
third of a mile wide, and in seme places, 250 feet thick. In the vicinity 
of Rome, some of the travertin can hardly be distinguished from statuary 
marble ; and that which is constantly forming near Tabreez in Persia, is 
a most beautiful variety of semi-transparent marble, or alabaster. At 
Tivoli in Italy, the beds are sometimes from 400 to 500 fbet thick, and 
the rook of a spheroidal structure. LyeWs Fwin, Gtok, W9I, 1. p. 197. 

De$cr, The only kind of imrl now in the course of fMrmatiooi 
is that deposited at the bottom of ponds, lakes, and «aU water, 
known by the name of shell marl \ and which eonsists of car^ 
bonate of lime, clay, and peaty matter ; as has been described v^ 
a preceding Section. The marls in the tertiary strata are fre- 
quently indurated, and go by the name of rook marl. Much of 
the marl used in Virginia, and other southern States, is com- 
p^^d mostly of fossil marine shells ; and this is a true skeU 
marl But that usually so called, contains only a small propor- 
tion of shells ; the remainder being pulverulent carbonate of limOf 
except the clay and peaty matter, mixed with the carbonate. 
These beds of marl often cover hundreds of acres, and are several 
feet thick. In Ireland they contain bones of a large extinct 
species of elk, as well as shells of Cypris^ Lymnaaj Valvata^ 
Cyclasy PlanorUsy AncycluSy Sfc. The marls of this country con- 
tain shells of PlanarbUy Xyiim<sa, G/claSf aiid other small fresh- 
water molluscs. 

Rem. These alluvial deposits of marl have been generally supposed to 
be the result of the decomposition of the smalt shells which occur in 
them. But they seem to me only in part due to this cause. Carbonate 
of lime it is well known, is scarcely s<^nble in pure water. But if the 
water contain earbonie acid, and carbonate of lime be diffused in it, the 
aeid will render tt tohible. Yet the excess of acnd is easily expelled, 
and then the salt will be deposited ; as we know to be the ease in many 
waters that are not tibermal ; as at the mouths of several of the streams 
16» 
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that empty into the Meditemnean. Nor will thii deposit be necessarily 
crystalline ; for it may be pulTemlent. Now the waters in limestone 
regions frequently contain carbonic acid. They also often contain car- 
bonate of lime, in a state of suspension, which has been worn from the 
rock. Hence the salt thus dissoWed will be very likely to be deposited, 
when the solution containing it forms ponds, whose stagnant waters are 
liable ta chemical changes sufficient for this purpose. Or if this be 
doubted, it is certainly ver^ possible that the streams that empty into 
ponds, will carry thither minute particles of limestone, which have been 
worn from the rocks over which the waters have passed ; and these will 
be deposited when the waters have become quiet. The largest part of 
these alluvial marls, that have come under my observation, appear to 
have been formed in one of these modes, and not by the disintegration of 
the shells. These are generally in a sound state, when the marl is first 
dug, whereas if the powdered part originated from them, we ought to 
find them in fragments of every size. Henry's Chemistry^ Vol. 2. p. 612, 
Eleventh Edition' Thomson's Inorganic Chemistry^ Vol. 2. p. 512. 

Siliceaui Sinter. 

Descr: Thermal waters alone can contain siliea in solution 
to any important amount. The most noted of these are the 
Geysers in Iceland, where a siliceous deposit, about a mile in 
diameter, and 12 feet thick, occurs ; and those of the Azores, 
where elevations of siliceous matter are found 30 feet high. 
The stems and leaves of the frailest plants are converted into 
sinter or covered with it. Thermal Springs, also, not in volcanic 
regions, as on the Washita river in this country, and in Indi^, 
deposit a copious sediment of silica^ iron, and lime. 

Hydrate of IroUj or Bog Iron Ore. 

Descr. It is probable, as will be shown in a subsequent 
section, that the greater part of the ferruginous deposits so 
widely diffused, originate from the fossil shields of animalcula. 
Yet in some instances we have direct evidence that they are 

Produced by the decomposition of iron pyrites : for where such 
ecomposition is going on, (as in the western part of Worces- 
ter County, in Massachusetts,) the rocks are coated over with 
the hydrate, and the surrounding soil deeply impregnated with 
h. Nor can there he any houbt but this iron would be oflen 
carried by water, — although not directljr soluble in it, — to the 
lowest places, and into^ ponds and rivers, so ^us to form de- 
posits there. 

Rem. The hydrate of manganese is almost as widely diffused through 
the rocks as the hydrate of iron ; but its quantity is so small i&t 
it exerts but a slight influence in the production of geological changes, 
and will therefore be passed without particular description. The same 
remarks will apply to sulphate of lime» carbonate of magnesia, chloride 
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of calcmm, dtc. which occur in almotit all nahind waten, aad aome* 
times form deposits of small extent. 

Petroleum^ AsphaUum, 6^c. 

Descr. The great amount of bituminous matter with which 
Certain Springs are impregnated, renders them deserving of 
notice as existing causes of geological change, capable of ex- 
plaining certain appearances in the older rocks ; many of 
which are highly bituminous. In the Burman Empire, a group 
of springs or wells at one locality, yielded anually 400.000 hogs* 
heads of petroleum. It is found also in Persia, Palestine, Italy, 
and the United States. In this country it has the name of 
Seneca Oil, from haying been earl^ observed on the surface of 
springs at Seneca in N. York. It is thrown up in considerable 
abundance, also, at the salt borings on the Kenhawa river in 
Ohio ; where a few years ago a large quantity of it, floating on the 
surface of a small stream, took fire and the river for a half a 
mile in extent appeared a sheet of flamc^. {Am. Journal of 
Science Vol 24. p. 64.) In Palestine the Dead Sea is call^ 
the \2tke Asphahites, from the asphaltum which abounds there. 
But the most remarkable locality of bituminous matter is the 
Pitch Lake in the island of Trinadad, in the West Indies. It 
is three miles in circumference, and of unknown thickness. 
It is sufficiently hard to sustain men and quadrupeds ; though 
at some seasons of the year it is soft. Geological Tran$aciion8y 
Vol l.o. 63. 

Rem. Mineral pitch was a principal ingredient in the cement used 
in constructing the ancient walls of Babylon, and of the temple in 
Jerusalem. It has lately been employed in a similar manner, and 
it is said very successfully, to form a composition for paving the streets 
of cities. 

Prin. The various bitumens are produced from vegetables, 
by the processes by which these are converted into coal in 
the earth. 

Inf. Hence the bitumens that rise to the surface of springs, 
or form inspissated masses on the earth's surface, or between 
the layers of rocks, are supposed to be produced from vegeta- 
ble matters buried in the earth ; and to be driven to the sur- 
fece by internal heat ; and the fact that such deposits usually 
occur in the vicinity of active or extinct volcanos, gives proba- 
bility to this theory. 

Phenomena of Springt* 

Descr. Water is very unequallv distributed among the dif- 
ferent strata ; some of them, as the argillaceous, being almost 
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impenriotis to it ; and others, as the arenaceous, admitting it to 
percolate through them with great facility. Hence when the 
former lie beneath the latter in a nearly horizontal position, 
the lower portions of the latter will become reservoirs of this 
fluid. 

Inf. Hence if a valley of denudation cuts through these 
pervious and impervious strata, we may expect springs along 
their junction. 

nius. If B. B. Fig. 93. be the pervious, and C. C. the imperriont 
•tratum, and A. the vallej of denundation, we may expect springs 
at £. £. 

Fig. 97. 




Deser. If a fault occur in these strata, as at D, whereby they ar« 
•unk on the right of D, and still dip towards L, the water will be 
accumulated at L, because it cannot pass into C, and a spring may be 
expected at L. f & J 

Rem. Sometimes the geologist can discover the line of a fault by the 
oecurrenee of springs, where nothing else indicates itl^ existence at the 
furface. 

Descr. In many parts of the world, if the strata be penetrated 
to a considerable depth by boring, water will rise, sometimes 
with great force, to the surface, and continue to flow uninterrupt- 
edly. Such examples are called Artesian Wells ; from having 
been first discovered at Artois, the ancient Artesium. 

Theory. The theory of these wells is simple. In Fig. 31, (p. 49.) sup- 
pose the formation marked as the Upper coals, and also the Millstone Grit 
to he impenrious to water : while the Lower coal is pervious, or the 
water bearing stratum. Now if excavations be made at B, or E, till the 
coal strata are reached, it is obvious that water will be forced to the 
surface by hydrostatic pressure : because some part of the water bearina 
•tratum is higher than the points B, and C. ^ 
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Imf, 1. If any water bearing stratum, passing under a ^bce 
where b<»ring is attempted, rises higher at any point of its pro-< 
lon^tion than the surface wh^re the boring is made, the water 
will rise abore that surface : and it will fall as roach below that 
sur&ce as is the level of the highest part of the pervious stratum. 

Inf. 2. Hence borings of this sort may fail ; first, because no 
water bearing stratum is reached ; and secondly, because that 
stratum does not rise high enough above the place to bring the 
water to the surface. 

Inf, 3. These explorations have proved that subterranean 
streams of water exist : some of which have a communication 
wHh water at the surface. 

Examples. At St. Ouen in France, at the depth of 150 feet, the borer 
suddenly fell a foot, and a stream of water rushed up. At Tours the 
water brought up from the depth of 374 feet, fine sand, vegetable mat- 
ter, and shells of species living in the vicinity, which must have been 
carried to that depth within a few months preceding. In Westphalia 
the water brought up several small fish, although no river existed at the 
surface within several leagues. The borings in the United States prove 
that cavities containing water exist even in granite. 

Depths of the borings. In England, Artesian wells have been carried 
to the depth of 620 feet with success. In France, the^ have been sunk 
800 and even 1200 feet, and in one instance near Pans to 1800 feet be- 
fore water was reached. In the United States, borings for salt water in 
the Western States, have been carried as deep as BOO or 900 feet. In 
the cities of New York, Baltimore, Albany, and in various parts of New 
Jersey, &c. borings for fresh water have been carried, and in most in- 
stances with success, to the depth of nearly 400 feet, Uiough water has 
usually been obtained at a much less depth. An excavation in the 
city of New York, 100 feet deep and 16 feet diameter, yields 8000 gal- 
lons daily ; and that in Bleeker Street, 442 feet deep, yields 44.000 gal- 
lons daily. Am. Journal of Science^ Vols. XII. p. 136 and XXIII. p. SK)6. 

Rem. 1. Until recently tiiese boring have been generally performed 
by means of a continuous iron rod, sharpened like a drill at the lower 
end. But a far more convenient and economical method, which has 
long been in use in China, has lately been adopted : viz. to use a heavy 
cylinder of iron in the same manner, by means of a rope attached to its 
upper end ; a borer with valves being connected with the lower end, for 
bringing up the comminuted materials. Buckland*s BridgewaUr Treatise^ 
Vol. I. p. 568. 

Rtm. 2. Thermal Springs will be considered under the eight Section. 

SaU and other Mineral Springs. 

Descr. All waters found naturally in the earth, contain more 
or less of saline matter: But unless its quantity is so great as to 
render them unfit for common domestic purposes, they are not 
called mineral waters 

Descr. The ingredients found in mineral waters, are the 
sulphates of ammonia, soda, lime, magnesia, alumiaa, iron, zinc, 
and copper: the nitrates of potassa,lime and magnesia : the chlo- 
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rides of potassium, sodium, barium, calcium, magnesium, irou, 
and manganese ; the muriate of ammonia ; the carbonates of 
potassa, soda, ammonia, lime, magnesia, alumina, and iron ; 
the silicate of iron; silica, strontia, lithia, iodine, bromine, 
and organic matter ; the phosphoric, fluoric, muriatic, sulphurous, 
sulphuric, boracic, formic, acetic, carbonic, crenic, and apocrenic 
acids ; also oxygen, nitrogen, hydrogen, sulphuretted hydrogen, 
and carbureted hydrogen. Utb^s Chemical Dictionary, ArUcUy 
Water. See also Dr. Daubeny^s admirable Report to the British 
Association, on Mlnerai and Thermal Waters , 1837, p. 14. 

Theory. Many of the above ingredients are taken up into a 
state of solution from the strata through which the water per- 
colates : Others are produced by the chemical changes going on 
in the earth, by the aid of water and internal heat ; and others 
are evolved by the direct agency of volcanic heat. 

Salt Springs. 

Descr. The most important mineral springs in an economical 
point of view, are those which produce common salt. These 
are called salines, or rather such is the name of the region 
through which the springs issue. They occur in various parts 
of the world ; and the water is extensively evaporated to obtain 
table salt- They contain also other salts ; nearly the tame in 
fact, as the ocean. 

Examples. Some of these springs contain less, but usually they con- 
tain more salt, than the waters of the ocean. Some of the Cheshire 
springs in England yield 25 per cent : whereas sea water rarely con- 
tains more than 4 per cent. In the United States they contain from 10 
to 20 per cent. They are used in New York, Ohio, Virginia, Pennsyl- 
vania, Illinois, Michigan, Missouri, Arkansas, and Upper Canada. 450 
gallons of the water at Boon's Lick in Missouri, yield a bushel of salt : 
300 gallons at Conemaugh, Penn : 280 at Shawneetown, 111.: 120, at 
St. Catharine's, U. C: 75, at Kenawha, Vir.: 80 at Grand River^ 
Arkan.: 50 at Muskingum, Ohio : and 41 to 45 at Onondaga, N. Y.: 
350 gallons of sea water yield a bushel at Nantucket. In 1829, accord- 
ing to a Report of the Secretary of the Treasury, 3.804,229 bushels of 
BtXi were made in the United States. Since that time the quantity has 
greatly increased. In 1835, no less than 2.222.694 bushels were made 
at the Onondago Springs in New York alone ; and 3.000.000 bushels at 
the Kenhawa Springs in Virginia. In all these places deep borings are 
necessary, sometimes even as deep as 3000 feet : and usually the brine 
becomes stronger the deeper the exca¥ation. Professor Seck*s GeolO" 
gieal Report to the Assembly of Jfew York^ 1838. See also Prof W. B. 
Roger's Report of the Geological Reconnoissance of the State of VirgijuOy 
183(5. Dr. HUdreth's first annual Geological Report to the Legislature of 
OhiOf 1838 : jilso his article on the Geology of Ohio^ Am Journal Science^ 
Vol.29. Mso Mr. Foster* sGeologieal Report on OAio, 1839: and Dr. 
Houghton's Report on the Geology of Michigan^ 1838. 

Oripn of Salt Springs. In many parts of Europe salt sprlngi 
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ar« iont^A ristng directly from beds of rock salt ; so that their 
origin is certain : But as yet no deposits of rock salt have been 
discovered in this country east of the Rocky Mount^ns : and 
Mr. Eaton has suggested {Survey of the Erie Canal Rocksyp. 
110.) that the ingredients only for the formation of the salt exist 
in the saliferous rock, and are made to combine by chemical 
agencies, so that the water percolating through the strata would 
become impregnated. An English writer (Annals of Philosophy^ 
1829,) supposes that the salt is intimately disseminated through 
the saliferous rock, having been left there by the ocean that de- 
posited the strata. Most American geologists, however, still 
maintain that our salt springs proceed irom beds of rock salt, de* 
posited so deep in the earth that they have not yet been disco- 
vered: and the fact that the brine increases in strength by descend- 
ing, gives strong support to this theory. Prof Beckys Report j 
1838 p, 14. The springs in this country issue almost invariably 
from the Silurian rocks. 

Gas Springs. 

Dcscr. Carbonic acid and carbureted hydrogen are the most 
abundant gases given off by springs. They sometimes escape 
from the soil around the springs, over a considerable extent at 
surface, and produce geological changes of some importance. 
Carbonic acid, for example, has the power of dissolving calcare- 
ous rocks, and of rendering oxide of iron soluble in water. It 
contributes powerfully also, to the decomposition of those rocks 
that contain felspar. Carbureted hydrogen is sometimes pro- 
duced so abundantly from springs, that it is employed, as at Fre- 
donia in New York, in supplying a village with gas lights. In 
almost all the States west of New England, this gas rises from 
springs in greater or less abundance, generally from salt springs* 
Origin of these gases. Some of these gases, as carbonic acid, 
are given off most abundantly from springs in the vicinity of 
volcanos ; and in such a case there can be no question but they 
are produced by decompositions from volcanic heat. When they 
proceed from thermal springs, there is a good deal of reason for 
Delieving that internal heat may have produced them. But where 
they rise from springs of the common temperature, they must 
generally be imputed to those chemical decompositions and re- 
compositions that often occur in the earth without an elevated 
temperature. Although carbureted hydrogen may sometimes 
proceed from beds of coal, it may also proceed from other forms 
of carbonaceous matter ; as from bitumen disseminated through 
the rocks. 
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Cftacio^Aquemu Agency between the Ter^uurp and Bktoric Pt^ 
riods : formeriy eaUed Dilumal Action- 

Hem. That remarkable deposit occurring between the tertiary and alla- 
riaifermationa has generally been supposed to be the result of powerful 
eurrents of water, uthough the hypotheses founded upon this principle 
have been exceedingly unlike in their features. In the first edition ^ 
this work, I expressed the opinion that no theory hitherto proposed to 
explain the origin of this deposit, was satisfactory ; and that the time had 
not yet come for a complete theory on the subject. But the Glacier Theory 
has recently been so ably elucidated by Agassiz, Buckland,Lyel], and oth- 
ers, that it seems extremely probable, that all the phenomena of what haf 
been called diluvial action are the result of the joint agency of ice and 
water; the water resulting from the meltinff of the ice. This is what is 
meant by the term Glacio-aqueous agency. In the sequel it will be fully 
explained. But in order to judge of the correctness of the theory, the 
Ikcts respecting drift or diluvium should be first presented. Its litholo* 
gical characters have been already given. The remainder of the subject 
will embrace, 1. its Dispersion : 2. its Effects upon the earth's Surface : 
3. the Theory of its Origin. 

1. Dispersion of Drift or Diluvium* 

Descr* Drift is diistinguished from tertiary deposits by three 
marks : 1. The tertiary strata were deposited in limited troughs 
and basins, whereas drift is found over almost every pwrt of the 
northern regions of the globe, and at almost every altitude attain* 
ed by mountains : and it has, therefore, been the result of some 
veary general cause. 2. Such are the situation of the principal 
part of drift, and its general unstratified character, that it could 
not have been deposited in its present situatwn by water : And 
yet the sand and clay that constitute its upper portion, must have 
been deposited in quiet waters. 3. Drift is almost destitute of 
organic remains of animals and plants that lived during the time 
of its production, whereas the reverse is the case with the ter- 
tiary strata. The upper and regular layers of drift are almost 
entirely destitute of organic remains. 4. When -the tertiary 
strata were deposited, the climate of northern countries was warm- 
er than at present ; but during the formation of drift, it was 
colder. 

Descr. Drift is distinguished from alluvial deposits : 1. By its 
occurrence in situations where no agency at present in action 
could have produced it. 2. By requiring if not a different agency 
from any now in operation to produce drift, at least a greater 
intensity of action. 3. By the evidence of a great difference of 
;clioiate between the two periods. 

Descr, In the dispersion of drift we £nd the evidence of two 
idistinct phases of action, which may however have he&a the re- 
sult of the same general cause, operating in different circumslaxi- 
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ces. In the first case, the drift has been carried outward firom 
the summits and axes of particular mountains, and spread over 
the neighbouring plains. 

Ex. 1. The best example of thii mode of dispersion exists in the Alps. 
The bowlders there have usually been carried down the yalleys, and 
they exist in the greatest abundance opposite the lower opening of those 
valleys. This shows that the valleys existed when the dispersion took 
place. Tet £lie de Beaumont seems to have shown that the Alps have 
experienced very great vertical movements since that period. 

Ex. 2. Several similar instances have recently been pointed out by Dr. 
Buckland and Mr. Lyell as existing among the mountains of Scotland 
and the north of England, whose details cannot here be given. Procu- 
dings of the Gtol, Sec. Lond. Ko. 72, JSTov. and Dec. 1840. 

Ex. 3. Rozet describes the plain of Metidja, south of Algiers, as cov- 
ered in its northern parts by bowlders derived from a long chain of hills 
running along its northern border : while its southern part is strewed 
over by bowlders from the Atlas Chain, which stretches along its south- 
em border. TrcUte EUmentaire de Geologie^ p. 259. 

Descr. In the second case, the agency by which drift has 
been dispersed, has operated on a more extended 'scale, and dri- 
ven it in a southerly direction over all the northern hemispherei 
often to a great distance. 

Proqf. To begin with the American Continent at the north- 
easterly point where observations to be depended upon have 
been made : we find that the bowlders spread over the southern 
part of Nova Scotia were derived, according to Sir Alexander 
Coke and Messrs. Jackson and Alger, from the ledges in the 
northern part of the province. Through the whole extent of 
Maine, the evidence is very striking of the southerly transport 
of the drift, the course being usually a few degrees east of south. 
And transported bowlders are even found towards the summit of 
Mount Ktaadn, which is 6,300 feet high. Dr. Jackson^a First 
and Second Reports on the Geology of MainCy 1837 and 1838. 
Aho his Second Report on the PuhHc Lands of Maine andMas^ 
sachusettSj p* 16. 

Descr. In Massachusetts, the direction, taken by the drift, 
as shown by a multitude of examples, varied from north 
and south to northwest and southeast ; the most usual course 
being a few degrees east of south. This course carried the 
current very obliquely across most of the precipitous 
ridges of mountains in the state; nevertheless, the. bowl- 
ders held on in the general direction with remarkable uni- 
formity. The largest blocks usually lie nearest to the bed 
from which they were derived, and they continue to decrease 
in size and quantity, in a southeasterly direction, for the distance 
of several miles ; sometimes as many as 50 or 60 ; and not un- 
frequently even 100 miles, though usually the sea coast is reach- 
ed short of that distance. Put often bowlders from the con- 
tinent are common upon the islands many miles distant from 
17 
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the coast ; as on Nantucket, Martha's Vineyard, and Long Isl- 
and. In the western part of Massachusetts the mountains are 
from 1000 to 3000 feet high : yet vast quantities of bowlders 
have been carried over these precipitous ridges, and both slopes 
are covered with them ; the largest being upon the northern 
side. {Final report on the Geology of MasiachusettSjp. 379: 
See also Plate 63 of that work ; where the course of the drift it 
marked. Also American Biblical Repository, Vol 10. p. 338.) 
On Long Islanil the drift corresponds to the rocks on the con- 
tinent: those of different kinds always lying south of the ledges 
from which they were derived. (Prof Matherh first annual 
Report on the first Geological District of New York^ p. 88. 
1887.) In the eastern part of N. York, the course was south- 
easterly ; as in the western part of Massachusetts. But to- 
wards the western parts of the State, its general course appears 
sometimes to have been west of south. (Mr. HalPs second an*- 
nual Report on the Fourth Geological District of New Yorky 
p, 308.) In the southeasterly part of the state, bordering on 
jPennsylvania and New Jersey, its direction varied from south 
severed degrees west, to southeast : and near the city of N. York 
the course was N. W. and S. E. {American Journal of Sci- 
enccy Vol 23. p. 243. And Vol 16. p, 357. Also Prof Gale's 
Report Jor 1S39 upon the Geology of the First District.) In 
the fossiliferous region of western New York, and in the states 
south of the western lakes, great numbers of bowlders of 
primitive rocks are strewed over the surface, significantly called 
lost rocks- These have been satisfactorily traced to the beds 
from which they were derived in tlie west part of Michigan and 
on the north side of the lakes in Upper Canada. {See the pa- 
pers of the Messrs Lapham in Vol 22, and of Dr. Hildreth in 
Vol 29 of Americnn Journal of Science. Also the Geological 
Reports on the state of Ohio and Michigan,) Similar evidence 
of a southeasterly drift exists in Virginia. (Prof W, B. Roger's 
Report on the Geological Reconnaissance of the State of Virginia, 
p. 16.) According to Dr. Drake, primitive pebbles occur on the 
right bank of the Mississippi as far south as Natchez. Ameri- 
can Journal of Science Vol 22, p, 209. 

Descr. According to Mr Catlin, (American Jour, of Science^ 
Vol 38, p, 143.) vast quantities of bowlders of primary rocks 
*« are strewed over the great valley of the Missouri and Missis- 
sippi, from the Yellow Stone almost to the Gulf of Mexico,'* 
which have been drifted thither from the northwest. At the 
Red Pipe Stone quarry on the Coteau des Prairies, which is 
several hundred miles west of Lake Superior, he describes five 
granite bowlders, from 15 to 25 feet in diameter, which he sup- 
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poses must have been drifted several hundred mQes from the 
north. 

Descr. The distance to -which bowlders have been driven 
southeasterly from their native beds in our country, has not 
been very satisfactorily determined. In New England they 
have been traced rarely more than 100 to 200 miles : But in 
the western states they are strewed over a greater distance. I 
^m informed by the gentleman engaged in the geological sur* 
veys of those states, that primary bowlders are rarely found south 
of the river Ohio ; but they are strewed over almost every part 
of Ohio and Michigan. Now the primary rocks from which 
they have been derived, are found on the north side of the great 
lakes. This would make their longest transit between 400 and 
600 miles. 

Rem, It may not improbably be found that gome examples of the dii- 
penion of drift in our country hare been down the slopes of particular 
mountains, or that the general course has been greatly deflected by the 
peculiar features of the surface. But all this does not destroy the evi- 
dence, which is almost everywhere so abundant, of a very wide and 
powerful force from the north over this continent. 

Descr. On the eastern continent the evidences of a southerly 
direction of the force seems to be decided : although from some 
of the highest mountains it was outward from the axis. In Great 
Britian the general course was a little east of south, modified^ 
however, and sometimes very much changed, by the shape of 
the mountains ; some of which, as the Penine chain, appear 
not to have been passed over by the bowlders, except at their 
lowest points. In the east part of England, the drift ap* 
pears to have been derived from Scotland, and also from 
Piorway. {De La Beckers Manual p. 189. PhilKpa^a Crc* 
ologyj P' 208. Also his Treatise on Geology; Vol 1. o. 
274.^ On the continent of Europe, the Netherlands, DenmarKy 
the plains of the north of Germany, of Poland, and Russia, 
are strewed over with bowlders and pebbles, which can be 
traced to the parent rocks in Sweden, Lapland and Finland ; in 
which countries they are yet more numerous upon the surface. 
In most cases these bowlders must have crossed the Baltic. In 
Sweden the current appears to have set S. S. W. The blocks 
decrease in size on going south, and finally at a great distance 
(more than 400 miles, Oreenough^s Geology y p, 138.) they 
disappear. Tableau des Terrains par AL Brongmart p. 77. 
TVaite Elementaire de Geologic par M, Rozetj Tome^ l.jp. 270. 
De La Beche^s Manual^ p. 189. 

Descr, An interesting example of the dispersion of bowlders 
in a southerly direction in Northern Syria, is given by Mr. Bea-» 
die, American Missionary in that country. On the coast, 60 or 
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70 miles north of Bejrooty he ^^ reached a volcanic region with 
a remarkable locality of greenstone. The pebbles from this lo- 
cality are scattered the whole distance to Beyroot At that 
place they are quite small, but gradually increase in size as you 
advance to the north, and terminate entirely in this locality," 
(Missionary Herald far May 1841, p. 206.) This is an important 
fact ; because it proves the occurrence of glacio-aqueous action 
on the Asiatic continent much farther south (about 32° N. lat.) 
than had been before pointed out ; unless it be upon the Him- 
alayah Mountains. 

Descr. According to Mr. Darwin, the equatorial regions of 
South America exhibit but few marks of diluvial action, or rather 
they are destitute of bowlders. But beyond 41*^ South latitude, 
they appear in Chili and Patagonia. Hence some geologists 
(Lyell and Darwin, see LyelPs Elements^ p> 137.) infer that 
diluvial phenomena are limited to the colder regions of the 

flobe. But De La Beche describes drift as abundant in 
amaica in the West Indies ; especially on the plain 
around Kingston ; and says that it appears to have been brought 
from the north. ( Geological Trans. Second Series^ Vol 7. p. 
182.) A similar statement was made to me by the late Prof. 
Hovey , who resided two years in the West Indies. Prof. Struder 
states that in the hill country at the foot of the Himalayah 
mountains in India, erratic bowlders occur. {American Jowr^ 
nal of Science^ Vol. 36. p. 330.) We have also seen above, 
that similar phenomenas occur in Africa, near Mount Atlas, in 
N. latitude about 32"^ : Probably iherdfore, the warmer regions 
of the globe have not yet been examined extensively enough 
to settle this point. 

2. Effects of Glacio-aqueous Action upon the Earth^s Surface, 

Descr. The crests and steep sides of high mountains and 
alluvial plains are nearly all the parts of the northern hembphere 
not covered with a coat of bowlders, gravel, and sand ; whose 
thickness varies from a few inches, to 100 or 200 feet. Scarcely 
any mountains, indeed, except perhaps the Pyrenees, the Ap« 
penines, the Carpathians and the mountains of Bohemia ( TVaite 
de Geologic par M. Rozet, p. 272, Tome 1.) are wanting in drift ; 
and sometimes very large blocks are poised upon their summits. 

Ancient Moraines* 

Descr. The most abundant accumulations of drift are found 
in hilly regions, chiefly, however, in the valleys, and especially 
near gorges and defiles. This detritus in such places usually 
consists of rounded bowlders, pebbles, and sand, and even mud, 
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piled up in ridges, straigbt, curved, and tortuous, and sometimes 
in regular tumuli. These correspond almost precisely to the 
moraines of the Alps, except that they are often on a much larger 
scale and more altered in shape by subsequent alluvial agencies. 

Rlus. Dr. Buckland and Mr. Lyell have recently pointed out numeroug 
examples of ancient moraines and correspondent striae upon the rocks in 
Scotland and the North of England; and since they are familiar with the 
moraines of existing glaciers in the Alps, we can hardly suppose them 
mistaken respecting those in Great Britian. Proceed. Geol. Soi>. 
Lond. Jio. 72.— J840— 1841. 

TZZiw. In New England these accumulations are very common, and 
sometimes they are so crowded together as to exhibit a picturesque ap- 
pearance, being made up of tortuous und conical elevations with deep 
intervening cavities, as if scooped out by the hands of a Titan. The 
most remarkable examples that I have ever seen, are in the vicinity of 
Plymouth in Massachusetts, and near the extremity of Cape Cod in 
Truro, where they are sometimes 200 or 300 feet high. In Truro they 
are composed wholly of sand, and they give a singular aspect to the 
landscape. Fig. 98, represents a small portion of the surface near whajt 
is called the Harbour in f^ro-. 



Fig. 98. 




Descr. In Plymouth and Barnstable counties these moraines 
are distant from 50 to 100 miiles from any mountains much more 
elevated than themselves. 

Fig. 99, exhibits a singular group of moraines though much less ele- 
vated, in the east part of Amherst, about two miles from the College. 
These are made up entirely of gravel and sand, with perhaps a »vr 
bowlders. 

17» 
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R*m. 1. Before the Rev. Justin Perkins, now American Missionary 
at Ooromiah in Persia, left this country, I showed him the moraines 
exhibited on the above fi^rure, and requested him to notice whether any 
similar appearances exist m central Asia, especially in Armenia. In a 
letter received from him after he had passed through that country, he 
•ays, that before he reached Mount Ararat, and on the vast plain on its 
north side, ** we passed many sections of diluvium much like the ond 
we visited back of Amherst/* Thia fact renders it probable that mo* 
raines exist in that couutrj. 

Rem, 2. In the above cases we may be sure that these moraines 
remain almost exactly as they were left by the ice : for it is impossible 
that water could have subsequently altered their form essentially : for 
the cavities between the elevations are not valleys, through which water 
may have flowed, but irregular depressions. 

Deser. In the two following cases the round-topped tumuli of gravel 
may be only the remnants of a former lateral moraine, intersected by 
streams from the mountain. Fig. 100, shows a row of tumuli, some of 
them 100 feet high, a little south of the village of North Adams in Mas- 
sachusetts, at the foot of Hosac Mountain. 

Fig. 100. 
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lUus, A similar group of moraines, but less conical, is shewn on Tig. 
101, as they appear at the east part of Monument Mountain, in Berk 
shire County, Massachusetts. 

Fig. 101. 




Jir«r«s)iMf Monument MU 



Rem, I do not find any description of such moraines as are figured 
tbove in Amsii^s work on the Glaciers of the Alps. But Dr. Buckland 
•ays that they occur there, and there can be no doubt but what he de** 
•cribes as ancient moraines in Scotland, are identical with those accu* 
mulations of ffrayel in this country thus denominated above. Indeed^ 
it is impossible to explain their existence by the action of currents of 
water ; and ice is the only other known agent that could produce them. 
Descr. When moraines have been cut through and worn 
down by the action of streams of water in recent times, the de- 
tritus becomes more or less stratified by the sorting of the 
materials. Such accumulations are called the detritus of mo^ 
rainesj and they are not uncommon in this country. 
. lUus, Fig. 102, shows a cliff of this sort on the banks of Connecticut 
river near Cobb's ferry in Montague, in Massachusetts, about 4 rods 
long and 20 feet high. Not only have we here stratification, but that 
oblique lamination which is the result of deposition from water upon a 
•teep slope. The materials are sand and gravel. 



Fig. 102. 
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, Fig. 103, showt a casse developNed in Palmer Massachusetts, by the 
excavation of the Western Rail Road. The bank is 20 rods long aiid 
50 feet high ; and although most of the cliff is gravel, sand, and coarse 
bowlders, yet in the midst are deposits of fine blue clay. Some part 
of the gravel is also stratified, with a dip of 25*°. I suspect that in this 
ease the hill was moved by a mass of ice after the clay was deposited. 



Fig. 103. 




8$Uio% m Drift t Patmer. 



Inf. There is reason to suspect that some of those mounds in 
our Western States that have been regarded as the work of man| 
are conical moraines, or the detritus of moraines. We have tesn 
timony that they are sometimes stratified, and that they are too 
large and numerous to be all artificial, although artificial mounds 
do undoubtedly exist there. IlHnois JVagazine^ Vol. 2. p. 252, 
Am. Jour. Set. Vol 34- p- 88. 

Descr. Frequently the surface is almost entirely covered for 
many square miles with large transported blocks of stone, which 
are but little rounded. These were most probably medial 
moraines, or were transported on icebergs. 

lllus. One can hardly pass over any of the hilly parts of New Engn 
land, without meeting with more or less of these blocks. Perhaps the 
west part of Cape Ann in Massachusetts, exhibits them in as great 
abundance as any place. Fig. 104, will give some idea of a landscapo^ 
near Squam in Gloucester. 
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Fig. 104. 




Fiew in OloucegteTf Mass. 

Descr. The size of single bowlders is sometimes enormous. 
The block out of which was hewn a pedestal for the statue of 
Peter the Great, weighed 1500 tons. The Needle Mountain in 
Dauphiny, said to be a bowlder, is 1000 paces in circumference 
at the bottom, and 2000 at the top. Near Neufchatel is a block 
of granite 40 feet high, 50 feet long, and 20 broad, which weighs 
3.800.000 pounds. The block called Pierre a J/ar/in, contains 
10.296 cubic feet. ( Greenou^h*s Geology^ p. 131.) The rock in 
Horeb, from which according to monkish tradition, Moses 
miraculously drew water, is a block of granite, 6 yards 
square, and contains 5.823 cubic feet, lying In the plain 
near Mount Sinai, from which it was probably detached. 
{Greenough, p» 127.) In this country bowlders occur of 
equal dimensions. Thus, on Cape Ann and its vicinity, I have 
not unfrequently met with blocksi of sienite not less than 30 feet 
in diameter ; and in the southeast part of Bradford, I noticed 
one 30 feet square; which, contain 27.000 cubic feet, and 
weighs not less than 2.310 tons. In the west part of Sandwich 
on Cape Cod, I have seen many bowlders of granitic gneiss, 
20 feet in diameter, which contain 8.000 cubic feet and weigh 
as much as 680 tons. Two gray wacke bowlders of the same 
size lie a few rods distant from the meeting house in Norton, in 
Dr Bates' garden. A granite bowlder of equal dimensions lies 
about half a mile southeast of the meeting house in Warwick ; 
and one of similar dimensions lies on the western slope of Hoosac 
mountain in the northeast part pf Adams, at least 1000 feet above 
the valley over which it must have been transported. One of 
granite lies at the foot of the cliffii at Gay Head on Martha's 
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Vinejrardy wbich is 90 feet in circumference and weighs 1447 
tons. In Winchester, New Hampshire, I recently met with a 
hlock of granite 96 feet in circumference. It is near the road 
leading to Richmond. Finally, at Fall River is a bowlder~of 
conglomerate, which originally weighed 5400 tons or 10.800. 
000 pounds. 

Descr, Glacial action appears to have destroyed numerous 
species of animals that inhabited the northern regions of the 
globe at the time of its occurrence. 

Proof. In accumulations of drift in the northern hemisphere, have 
been found Uie bones of several speciea of mastodon, hippopotamus, 
rhinoceros, bear, as well as the mammoth or elephant, megatherium, 
megalonjx, hysna, deer, dinotherium, horse, ox, &c. animals of whose 
existence since that event we have no evidence. Not less than 100 
species have already been found in diluvium, although not more than 
half are extinct. 

/n^. A sudden fell of temperature took place in the northern 
hemisphere at the period of glacial action. 

Proof, The animals whose remains are found in drift are mostly such 
as live in tropical climates ; which shows that a higher temperature than 
now exists in these countries, prevailed at the commencement of glacial 
action. And that the change was sudden, appears from the occurrence 
of elephants and a rhinoceros undecajed in the frozen mud of Siberia: for 
they must have been encased suddenly in ice to prevent their putrefac- 
tion. 

Smoothed^ StricUed, and Furrotved Rocks in Place. 

Descr, One of the most remarkable effects of glacial action, is 
the smoothing,scratching and ftirrowiog of the eurfece of rocks in 
place. 

Rem. 1. Although this is a very common phenomenon, especially in 
the United States, yet until within a few years, scarcely any example 
had been pointed out by geologists : aproof of the little careftil attention 
that had been given to glacial phenomena. The following examples are 
only a selected few, out of the multitudes which have been observed in 
New^ England. 

Rem. 2. Care must be taken by the observer, not to confound these 
furrows and striae with those grooves on the surfaces of rocks pro- 
duced in the direction of the cleavage planes, or the planes of stratifica- 
tion, by the unequal disentegration'-of Uie harder and softer parts ; nor 
with the furrows between the veins of segregation, produced in the same 
manner ; nor with ripple marks. In fine, it is best not to consider any 
case as of decided glacial origin, unless the grooves cross the planes of 
cleavage and stratification at a considerable angle. Such are all the 
cases mentioned below in New England. 

Examples. In the state of Maine is a good deal of slaty rock, often 
standing upon its edges, that admirably resists atmospheric agencies ; 
and hence it presents a multitude of examples of well marked strira. 
Around the city of Portland, they are very abundant and very distinct ; 
having a direction N. lO** to 15" W. and S. 10° to 15° E. Farther east 
as at Hope and Appleton, they run nearly N. W. and S. E. and some of 
them are a foot in depth, and aij. inches wide. (First Report on the Ge 
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nHogy of Maine^ p, 57.) In other parts of the State, the direction it 
Ikead^ north and south, or even inclining a few degrees to the N. £. and 
S. W. (Seeond Report on the Geology of Maine, p. 91.) In the eastern 
part of Massachusetts and Rhode Island, I might name fifty places where 
the striffi are obvions ami distinct. In Essex County, (Mass.) they are 
very frequent on the hard sienite rocks : though often these are merely 
smoothed, and sometimes almost polished. They are visible on the 
gneiss at the top of the Wachusett mountain, the highest in the eastern 
part of Massachusetts ; being 2000 feet above the ocean. The precipi- 
tous hills and the lower grounds of the valley of Connecticut river, are 
covered with them ; and here as well as in nearly all the eastern part of 
the State, their direction is nearly north and south, usually however in 
dining a few degrees to the East of South, and West of North, and very 
rarely the other way. The high mountains west of Connecticut river, 
embracing the Hoosac and Taconic ranges, some points of which rise 
3500 feet above the ocean, exhibit very numerous examples of the 
smoothing and furrowing effect of this supposed glacial agency. 
Graylock, the highest point in Massachusetts, is so covered wiUi soil 
and trees, that the rocks are very rarely seen : but on that spur of the 
mountain called Bald Mountain, whose top is a few hundred feet below 
Graylock, the scratches are obvious, as they are also on the northeast side 
of the mountain. The high conical mountain in the town of Mount 
Washington, (called Mt. Everett,) which is 2600 feet above the ocean, has 
been worn over its whole surface, and the stris are still visible in many 
places ; although the rock has been so long exposed naked to atmospheric 
decomposing agencies. Similar markings are manifest on the top of Tom 
Ball,a high mountain inAlford,and they may be seen throughout the whole 
extent of the Taconic range, which on its west side is very precipitous. 
A large proportion of these grooves run N. W. and S. E. but some of 
them approach nearer to a coincidence with the meridian. The rock 
is mica and talcose slate, and in some instances is laid bare for a great 
distance, so as to show the smoothing and furrowing of its surface oyeY 
a larj|re extent. Indeed, one cannot stand upon one of these lofly and 
precipitous ridges, and witness this phenomenon, without being struck 
with the great power and extent of the agency that has thus left its 
traces upon some of the most elevated spots in N. England. — Between 
these mountains and Hudson river the gray wacke is crossed by markings 
running N. W. and S. E. Near the city of New York, according to 
Prof. Gale, they run in the same direction. In the Western part of 
New York, they are numerous, and they run sometimes S. S. W. and N. 
N. E. They are common also, upon the mountains of Pennsylvania ; 
and also in Ohio, Michigan and Illinois where their most usual course is 
from N. W. to S. E. 

The hard gray limestone in the vicinity of Rochester and Buffalo in 
New York, and on the banks of the St. Lawrence, as well as in Ohio, is 
often smoothed and polished by this agency almost like marble, ^m. 
Jour. Science, Vol. XXXVII, ^. 240, and Vol. XXXV, p. 191. Jilso /Je- 
ports on the Jfew York Geological Survey. 

Mount Monadnoc in New Hampsnire, 3250 feet high, is little else than 
a naked mass of mica slate of a peculiar character, almost destitute of 
stratification. And from top to bottom it has been scarified on its north- 
em and western sides. On its lower parts, especially on the southwest 
side, the striae run about N. W. and S. E. by the magnetic needle ; as 
Ihey do in the country around the mountain ; but when we approach its 
top, the course changes to N. 10*" W. and S. 10** £. Other strias are 
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seen here on steeper slopes, both northern and southern, th&n I have 
fbund elsewhere. Deep farrows are also met with here, and some other 
peculiar phenomena connected with glacial action, which will be de- 
scribed farther on. In the first edition of this work, I stated the hctm 
relating to this mountain on the authority of Mr. Abraham Jenkins, Jr. 
But I have recently visited it myself, and found it a striking example of 
glacial agency. 

Fig. life, will convey some idea of a sur&ce of rock which has been 
smoothed and striated in the manner that has been described. The lines 
running in the direction a a^ show the divisions of the strata : those 
running in the direction b &, show the striae, which are perfectly parallel 
to one another. This figure was copied from a rock of gneiss in Billerica 
in Massachusetts, on the turnpike from Boston to Lowell, near the 
sixteenth milestone from Boston. Thousands of similar examples may 
be seen in New £ngland. 



Fig. 105. 




Descr. Sometimes we find two or more sets of strise crossing 
one another at a small angle, the lines of each set preserving their 
parallelism very perfectly. Fig. 106, shows one of these cases 
copied from mica slate near the crest of Monadnoc, several hun- 
dred feet below the summit. The two sets intersect at an angle 
of 10«. 

Descr. On the eastern continent these strisB and furrows appear to be 
less common than in this country : for notwithstanding the great ability 
and zeal displayed by European geologists, only a few cases of such 
markings have yet been recorded. In Scotland however, they were 
noticed long ago, by Sir James Hall, on greenstone and other rocks, 
having a direction N. W. and S. E. A similar case is mentioned in 
North Wales, and in the Brora coal region of Scotland, where they run 
N. N. W. and S. S. E. Dr. Buckland has recently pointed out several 
examples in that country, which he supposes resulted from the descent 
of ancient fflaciers from the mountains. Their general course is N. N.£. 
and S. S. W. «* Monsieur Sefstrom," says the distinguished Berzelius, 
f' has found that the northeast parts of the mountains of Sweden, are, 
throughout rounded and worn from the base to the summit, so as to re- 
semble at a distance, sacks of wool piled upon each other. The south- 
west sides of these mountains present almost fresh fractures of the rocks 
with their angles rounded little or none." Still further east in Northern 
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Russia, the strise have a direction N. W. and S. E. or N. N. W. and S. 
S. £. corresponding to the course taken by the bowlders ; and in one 
instance these bowlders have been traced to their native bed 600 miles 
distant. Murchison and Vemeuil on the Geological Structure of the 
Northern and Central Regions of Russia in Europe, p. 13. Lond. IS&l. 

Fig. 106. 




Tm SeU ^ Strut : Mtnutimc. 

Deser. A careful examination of the mountains of New Eng- 
land shows that their northern and northwestern sides, like those 
in Sweden, are worn and rounded throughout. An interesting 
example is Monadnoc in New Hampshire ; which is the more 
striking, hecause it is mostly naked rock. The surface of the 
mountaan is very uneven ; hut the protuberances are nearly all 
rounded, and few are left angular, except on the south eastern 
side. Tlie axis of the intervening bolFows usually corresponds 
nearly to the direction of the striae ; so that the surface appears 
like the swell of the ocean after a storm. Seen in a certain 
direction these swells appear like domes. Fig. 107, will give 
some idea of a spot on the southwest part of this mountain^ about 
5 rods square. So &r as I can judge from the descriptions and 
drawings of AgassiK, this appearance corresponds preciiiely with 
that in the Alps denominated by Saussure, Rocnes mautannees^ 
produced by glaciers. 
18 
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Dtscr. The summit of Mount Holjoke in Massachusetts, which haa 
been very much abraded by the agency under consideration, sometimes 
presents insulated hummocks of greenstone, resembling the ** sacks of 
wool" described by Sefstroom, as shown in Fig. 108, 



Fig. 108. 




^mmoek on HolfolUf 

Deicr. Sometimes instead of stri», vre find the summit of a 
mountain ploughed into deep furrows, which enlarge so as to 
form deep parallel valleys. 

Exampu. The most remarkable example of this kind that I know of, 
is the summit of the Mount Holyoke, mentioned above. This is a nar- 
row very percipitous ridge of greenstone, rising 700 or 800 feet above 
the valley of the Connecticut, and lying in the curvilinear direction 
shown on Fig. 109, where the line N S, represents the meridian, and 
corresponds to the direction taken there by the drift, which struck 
the mountain from the north. On that side the mountain is a nearly per- 
pendicular wall of rock. Tet the summit is intersected by numerous 
grooves and valleys in the direction of the lines A, A, A, A, N S, from 
a few inches to several hundred feet deep. And not only do we see 
the marks of abrasion in the bottoms and on the sides of these valleys, 
but the fact that they preserve their parallelism so perfectly, although 
the mountain curves so much, shows that they were produced by some 
abrading agency rather than by the original structure or elevation of the 
mountam. For had tliey resulted from the latter causes, we might 
expect them to change their course to the lines B, B, B, as the moun- 
tain continued to curve more and more. 
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Pig. 109. 




/ii/l 1 These farrows and yalleys must be imputed to the 
joint action of ice and water. If water alone were CQocemed, 
the valleys could not have so nearly presenred their parallelism. 
Indeed, unless the large valley around the mountain had been filled 
with ice, it is difl&cmt to see hoW streams of water could have 
flowed over its summit so as to produce these valleys. Ice 
alone, moving over the top, might have begun the work, (and- 
this would explain the parallelism of the valieyis,) but coidd not 
hAve made so deep erosions without wearing down the intervening 
ridges. Moreover, these furrows and valleys correspond weU 
to the joint action of glaciers and water in the Alps, and there 
they are called Lapiazy or Lapiz. See Etudes Sur les Glaciers* 

Inf^ 2. It appears that in all cases the striae, furrows and val- 
leys, that have been described upon the surface of rocks, cor- 
respond in direction to the course taken by the drift, and thus 
the two classes of phenomena are proved to have resulted from 
the same general cause. 

Descr. The stria a^e rarely met with on pure limestone, 
on account of its great liability to disintegration. Most of the 
coarse granites and conglomerates, as well as gneiss, are so 
much decomposed at the surface, as to have lost all traces of 
these markings. Greenstone, sienite, and porphyry, are fire- 
quently rounded and smoothed ; but the markings are usually 
faint on account of their great hardness. Upon the whole, the 
upturned and smoothed ledges of talcose, micaceous, and ar- 
gillaceous slates, retain these markings most distinctly. But 
where the soil has been removed, almost every rock presents 
them to view. And were the rocks of N, England to b^ en- 
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tirely laid bare, 1 cannot doubt but a third of the siff&oe would 
show marks of this scarification. 

JVanspart of Drift from Lower to Higher Leveh. 

Prin. In some instances the drift has been transported from 
lower to higher levels. 

Proof. 1. On the northern slopes of mountains the striffi not unfire- 
^uently pass from the top to the bottom without essentially chan^ng 
their parallelism. This is the case on Mount Monadnoc in New Hamp»> 
shire, where the smoothed and striated surface is sometimes inclined 
. northerly as much as 50*^ or 60°. In this case the angular rocks are 
rounded on the northern but not on the southern slope, except slightly ; 
and this shows that the work was done by an ascending and not a de- 
scending body. Near the summit of that mountain, howeyer, striaa 
are seen on quite steep southerly slopes. But this is an unusual case. 
On the west side of Taconic and Hoosac mountains in Massachusetts, the 
striiB may be seen sometimes, commencing seyeral hundred feet below 
the top : and all the drift in that region has been carried southeasterly ; 
which proyes the force producing the abrasion to haye been upwards. (Fv- 
nal Report on the Giology of Massachusetts, Vol. 2. p. 993.) A similar case 
occurs in Russia. {Murchison and Vemeuil on the Gelol. of Russia, p, 12.) 
2. Bowlders are found transferred from a lower to a higher ley el. For 
example : the quartz rock of Berkshire county has been strewed all 
oyer the top of Hoosac mountain, which must be at least seyeral hun* 
dred feet aboye any ledge of quartz, from which the bowlders could 
haye been deriyed : and the Silurian rocks of New York haye been 
carried oyer Taconic mountain and lodged upon the Highlands in New 
York, as well as upon Hoosac mountain. 

Lakes produced by Moraim. 

Descr. The great accumulation of drift which took place near 
the gorges of valleys produced extensive lakes, which were fil- 
led with water upon the melting of the ice, and in whose bot- 
toms thick deposits of clay and sand were frequently made 
above the body of the drift, while the waters were gradually 
wearing away passages through the detritus. 

Proof, In all yalleys of considerable size in the northern parts of the 
United States, such as those of the Hudson, the Connecticut, the Penob- 
scot, &c. we find such deposit of clay aboye the drift ; and aboye the clay 
more or less of sand. These deposits must haye been made in quiet 
waters, either during the glacial or the alluyial period ; and the fact 
that scarcely no orgaic remains are found in them except a few shells of 
a highly arctic character, makes it extremely probable that it took place 
during the glacial period. Similar deposits occur in the yalley of the 
Rhine, which are there called Loess, and are from 100 to 200 feet thick. 
(Lyells* Prin, Geology, Vol. 2. p. 289.) In the county of Suffolk, Eng- 
land, a deposit of similar clay exists, according to Rey. W. B. Claftf 
sometimes 400 feet thick. Proceed. London Geolog. Society^ Jio. 50, 
p. 532. 

Inf We see why there is such an insensible passage from 
18* 
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glacb-stqQeous into alluyial deposits. For the drainage of the 
Takes produced by the moraines, has been going gradually on 
from the time ^hen the waters first made a breach through the 
drift to the present. It is difficult, therefore, to say precisely 
where the glacial period terminated and the alluvial commenced, 
unless we nx it at the time when the present races of organic be- 
ings ware created. 

Inf- 2. We see the origin of the numerous small ponds that 
exist in regions abounding in moraines, as in Plymouth and 
Barnstable counties in Massachusetts. They occupy the de- 
pressions left between successive moraines. 

Ledges of Rocks fractured fty Glacial Action. 

Descr, In two iastanees I have found the perpendicular strata of 
slaty rocks broken and partially knocked over, near the summit of hills, 
to the depth of 10 or 15 feet, so as to produce horizontal fissures of 
several inches wide : and I cannot doubt but they are the result of 
glacial agency. Fig. 110, will give an idea of one of these cases, in a 
quarry of clay slate^ in Guilford, V t. In this instanee the force which 
thus crushed the top or western slope of the hill, must have been di- 
rected towards Uie west. The other case is in Middlefield, in Massa- 
chusetts, in hornblende slate, and the spot is covered by 20 feet of drift, 
(Final Report an the Geol. Mass, p. 396, VoL 2.) It was brought to light 
by an excavation for the Western Railroad. I presume similar cases 
may be common, but they have not been described elsewhere « The 
force to produce such an effect must have been prodigious. 

Fig. no. 
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Theme9 of Drift 

Prin. Any theory of drift to be satisfactory, must explain 
the four following varieties of the phenomena: 1. Erratic 
Bowlders : 2. Drift : 3. Striae, Furrows and Valleys : 
4. Moraines. Some theories might satisfactorily explain par* 
ticular phases of the phenomena, out fail in their application to 
the entire group. 

Rem. In most of the theories that have been proposed to explain the 
remarkable facts that have now been described, under the term glacio- 
aqueous action, it has been assumed that currents of water have been 
the chief agent, and the principal difference between the theories pon- 
■ists'in the nature or mode of operation of those currents. 

The Cometic Theory. 

Dr. Halley suggested that perhaps a comet once came in con* 
tact with the earth, or at least into near proximity, by which 
either the axis of the globe was changed, or a tide raised so 
powerful as to produce a universal deluge. And even to the 
present day this opinion has found supporters. Oeologie Popt^ 
iairej par N. Boubee j». 46. Paris j 1833. 

Obj. This theory will demand no farther attention, (waiving all 
other considerations,) since it is now rendered probable, that comets 
have " no more solidity or coherence than a cloud of 4ust, or a wreath of 
smoke,*' — ** through which the stars are visible with no perceptible dimi- 
nution of their brightness." WhtwdVs Bridgewater Treatise^p, 152, 153. 

Second Theory. 

Some suppose that these phenomena resulted from the deluge 
of Noah. 

Proof 1. In both instances the action appears to have been 
comparatively recent : 2. And very extensive if not universal. 

Objections. 1. Nearly all the animals found in drift belong to extinct 
species if not genera ; and hence it is probable the present species did 
not exist when it was deposited. 2. The Temains of man have not been 
found in drift, as they ought to be,if he existed in the countries that have 
been examined. 3. The time occupied in the production of glacio- 
aqueous phenomena must have been much peater than that assigned by 
the sacred historian for the duration of the rfoaohian deluge. This ob- 
Jection is very strong to those who have careftilly examined these phe* 
nomeaa. (American BibHcal Repository^ Vol. II, p. 4.) 4. These phe* 
nomena cannot have resulted from water alone. 

Third Theory. 

This action, it is maintained, is nothing more than terrestrial 
alluvial iaction in early times : that is, existing rivers, the burst- 
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ing of lakes, and the like, will account for most of the pbenome* 
na. Macculloch^s and LyelPs Geology. 

Proof. 1. Riyen maj be coiJiceiyed to nave flowed in almost anj sitoa- 
tion on the globe where drift is now found, if we only admit subsequent 
changes of level, and long continued eroding action : and in that waj a 
large proportion of the detritus might have ^en accumulated. 2. If such 
a bodj of water as Ijake Erie, and especially Lake Superior, were sud* 
denly to burst its barrier, it would inundate avast region of country and 
produce wide and powerful currents. 

Objeetions. Admitting that rivers have greatly changed their beds and 
their levels, and that in this way limited cases of this agency may be ex- 
plained, yet the most important cases remain unexplained. It appears 
to be well established, that a force firom the northern parts of Europe 
has carried drift a great distance southerly, over a region at least 1500 
miles broad ; or from Netherlands to Moscow. In North America, also, 
the force was &om the north and northwest, from the extremity of Nova 
Scotia nearly to the Rocky Mountains : a distance of 2000 miles. How 
could rivers have produced such effects ? 2. There is no evidence that the 
relative levels of different portions of the surface have essentially chang- 
ed since the period of this action. 3. No examples are on record in 
which large lakes have burst their barriers suddenly, and produced ex- 
tensive inundations : and there is reason to believe, that where large 
bodies of water are drained, the process will be a very gradual one, 
producing no inundation. 4 tieavinff out of the account the action <^ 
glaciers, which were not originally brought into this theory, there is no 
existing agency capable of producing the striae and furrows upon the 
rocks, nor the moraines, nor of scattering bowlders as we find them 
upon the surface. 

Fowrth fheary. 

Some maintain that these phenomena were produced hj currents, 
tides, and waves, with icebergs, in the ocean, while our continents were 
X beneath its waters ; and while they were gradually 'rising above them. 
By means of the icebergs, the bowlders that are so widely distributed, 
and which were carried across such deep valleys, are supposed to have 
been removed and dropped in their present position. LyelVs ^nmversary 
Address before the London Geological Society, Feb. 19th, 1836, p. 32. 
American Journal of Science, Vol. 35. p.B8, Second Report on the GeolO' 
gy of Jiew York, p. 307. 

Proof 1. wide currents exist at present in the ocean, which probably 
convey detritus to great distances : as for instance, the Greenland cur- 
rent, which deposits sand on the banks of Newfoundland. If a similar 
polar current existed when the northern part of this country was be- 
neath the ocean, it might have carried the detritus southerly in the man- 
ner in which we find it distributed. 2. As the land was gradually rising 
firom the ocean, the tide» and breakers must have deeply excavated the 
shores, producing valleys of denudation, and swelling the amount of de* 
tritus in the ocean. 3. Icebergs inight have been borne by these cur- 
rents very far southerly, as they now are, loaded with the fragments of 
distant rocks, which, as the ice melted, would be strewed over the 
bottom and mixed with the finer materials borne along by the waters. 
The subsequent elevation of the bottom of this ocean, would present 
drift such as we now witness. 
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Objections, admitting that some limited examples of drift may have 
been produced in the manner this theory suggests, and that many insu- 
lated and far traveled bowlders may have been transported by icerbegs, 
(and it seems difficult to conceive of any other mode in which many of 
them could have been placed where they now are,) yet it fails to account 
for the most important part of the phenomena. I. Oceanic currents, 
such as now exist, (and this theory does not admit of any more power- 
ful in earlv times,^ have not sufficient velocity to transport detritus as 
coarse as the great body of drift, unless it be in some very limited spots ; 
as in narrow straits where their velocity is increased by winds and tides. 
They could have carried nothing coarser than sand. Much less could 
such currents have produced that powerful erosion of the surface of 
rocks, which they now exhibit : for even the most powerfiil mountain 
streams, aided by ice floods, do not make as much impression of this 
sort upon the rocks, as many of the tops of the mountains in N. Eng* 
land exhibit. 2. Icebergs conveyed by common oceanic currents, 
though they might transport detached massss of rock, and drop them 
upon the bottom, could not have produced the grooves and scratches 
which are so abundant, not merely upon the tops of mountains, but on 
their sides, and at the bottoms of valleys. 3. But the most aeoisive ob* 
jection to this theory, and the one that seems to settle the question, is 
derived from the fact that this action did not take place till after the 
deposition of the tertiary strata : for it hence follows that most of the 
present dry land must have existed before that period. Thus, in New 
England, the older fossiliferous rocks contain coal and numerous im- 
pressions oJF terrestrial plants ; which imply that dry land existed in the 
vicinity, even before their deposition ; and the same thing is proved by 
the fossil remains of the red sandstone in the valley of Connecticut 
river. There is other evidence that the primary strata in that part of 
the countrv were elevated before that period. Tet all these primary 
and secondary strata, as well as the 4ertiary strata on Martha's Vine- 
yard, Long Island, and in New Jersey, are alike strewed oyer with drift; 
and the tops of the mountains, at least of all not more than 4000 feet 
high, have been powerfully abraded by a force from the north, which 
has swept over all the strata indiscriminately almost without any refe- 
rence to their strike, or the deep valleys by which they are furrowed. 
How could this work have been performed beneath the waters of the 
ordinary ocean, when the rocks were already several thousand feet 
above its surface ? 

Fifth Theory. 

Other theorists regard these phenomena as the elQfect of the 
sudden elevation of chains of mountains, while yet they were 
wholly or in part heneath the waters ; which, rushing away from 
the axis of elevation, would transport detritus in various direc- 
tions. Phillips^ 8 Geology^ p- 205. • 

Proof. The Alps are a strikmg example to establish this theory : for 
they appear to have been raised, if not from the ocean, yet to a consider- 
able height after the deposition of the tertiary strata: for remnants of these 
strata are found covering their summits, and in their mountain vallevs ; 
while the drift is scattered in all directions from the central axis. It is 
probable that when the facts are more fully understood, it will be possi* 
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ble to Tefer all drift, bowlders and grooves, to the elevation of particular 
mountains. 

. Objections, I understand this theory to impute the phenomena under 
consideration, to the original elevation of the mountain chains, whose 
surfaces exhibit those phenomena; and not to the upheaving of 
the bottom of distant oceans, whereby the waters were thrown 
over those mountains. This latter supposition belongs to an« 
other theory, which I shall examine soon. The theory under considera^ 
tion will very reasonably explain some cases of this action : but labors 
iinder several strong objections when applied to all the phenomena. 1. 
In a majority of instances the mountains appear to have been so far ele- 
vated before the action took place, as in a great measure to be above 
the waters ; and consequently the receding waves could affect only 
their lower parts ; ^et their summits exhibit as strong marks of erosion 
as their bases. This is the case in Sweden and New England, as has 
been fully shown. 2. The direction of the force often crosses all the 
systems of elevation in a country, in such a manner as shows that it 
could have no connection with any of them. This is particularly the 
case in New England ; where most of the svstems of elevation run 
nearly north and south, or east and west. We have one also of limited 
extent running N. E. and S. W. and another N. W. and S. £. But the 
drift has swept over them all indifferently : and has evidently not beea 
influenced by any of them. Nor do we know any where north of New 
England a chain of mountains whose elevation could have inundated 
that region. The same is true in Sweden, Russia, and the north 
of Germany. 3. The cause in many instances seems inadequate to the 
efSdci, The paroxysmal elevation of a mountain chain would cause the 
waters to rush away from it violently, and of course a great deal of de- 
tritus would be swept along. But such an erosion as the mountains of 
Scandinavia and of New Ensland have experienced, could never have 
produced by one sudden ana transient rush of waters over them, how- 
ever violent and filled with detritus. The action must have been con- 
tinued for a considerable length of time ; as any one will admit who 
has carefully examined the phenomena in those countries. Especially 
is this cause insuflicient to explain the long continued action which 
some regions (Ex. gr. the valley of Connecticut River,) exhibit. 4. 
Diluvial agency in any of its forms is insufficient to account for but 
a small part of the phenomena of drift. 

Sixth Theory. 

The fundamental principle in this theory is the same as in the 
last, viz. that the phenomena of drift have resulted from the sud- 
den elevation of portions of the earth's crust : hut it supposes this 
elevation to have taken place in some instances at the bottom 
of oceans, remote from the region where these phenomena 
occur; and that they %ave resulted from the inundating 
waves that have rushed from the centre of disturbance. 
While it admits that the detritus of the Alps, and perhaps some 
other mountains, may have resulted from the local elevation of 
those mountains, it supposes that a more powerful and extensive 
rise has taken place in the arctic regions, whereby the northera 



Digitized by 



Google 



TftEORlfiS OF DRIfT 2l6 

ocean has been driven southward, over a considerable part of 
Europe and America, bearing along masses of ice loaded with 
detritus. And further, that there may have been a succession 
of vertical movements, which produced successive waves ; so 
that the waters may have repeatedly fallen and risen again, and 
while at their ebb, they may have been frozen to the surface, so 
that as they subsequently rose, vast masses of ice may have 
been driven along, loaded with detritus, which may have been 
forced up declivities considerably steep, and thus the surface be 
powerfully and rapidly abraded, and the rocks scoured and 
furrowed. De La Beckers Geological Manualjp- 172. Also 
his Theoretical Geology ^ p. 319. BibHcal Repository Vol 11, 
p. 23. 

Proof. 1. It is established, that in early times repeated up^ 
heavings of the bottom of the ocean have taken place ; and the 
g^reat masses of detritus which some of the mechanical rocks 
contain, seem to be the result of the abrasion which must have 
then occurred. At the present day, also, similar elevations 
occur ; (ex. gr. Hotham or Graham Island in the Mediterranean, 
in 1831 : Sabrina, near the Azores, in 1811 : and among the 
Aleutian Islands in 1814, an island, said to be 3000 feet high : 
—another in 1806, which is permanent : and another in 1795. 
{LyeWs Prin. Geol Vol. 1. p. 295 and 388.) and in 
some instances, we are able to see the effects in the tremendous 
waves that follow ; as during the earthquake at Lisbon in 1765. 
The force of such waves, as they reached the shore, and suc- 
cessively rose higher and higher, were a large area of the 
northern ocean to be suddenly upraised, can scarcely be estima- 
ted ^ loaded as they would be with ice ; and it seems almost 
the only conceivable agency by which large bowlders could be 
forced up hills of considerable steepness, and deep 
grooves be^ formed on the northern slopes of hills in Sweden 
and America. 2. In the latter country certainly, if not in the 
former, it seems scarcely possible to doubt that the sur&ce 
is essentially the same now as when this agency was 
exerted upon it ; except perhaps those few local minor and slow 
elevations and depressions of which probably every country 
furnishes some examples : and hence the source of this action 
.must be sought out of the country. 

Objections. 1. It is difficult to conceive that the force of an 
.oceanic current, however violent at its commencement, should 
be sufficient after passing from the arctic regions to the 45th or 
40th degree of north latitude, to accomplish what glacio-aqueous 
action has accomplished in some northern countries. Indeed, it 
isdifficult to see how water under any circumstances, even with 
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the aid of icebergs, could sweep southerly to so great a distance, 
almost without reference to the direction of valleys and the 
obstrvction of precipitous ridges, so great an amount of drift, 
and wear down and round the crests of high mountains. One 
has only to compare the present eflfect of Ihe strongest and most 
violent currents of water with moraines, erratic blocks, the striae 
and denudation of the rocks in ancient times, to be satisfied that 
currents of water alone are totally inadequate to produce the 
latter. 2. A great length of time appears to have been occupied 
by glacio-aqueous agency in accumulating the drift and in 
wearing out valleys of denudation and furrowing the rocks in 
particular districts : too long a period to be imputed to the 
cause under consideration. 

The Glacial Theory. 

The history of glaciers, which has been given in the first part 
of this section, forms the groundwork of the glacial theory. It 
supposes that at the close of the tertiary period, a sudden reduc- 
tion took place in the temperature of the surface of the globe, 
wherebv all organic life was destroyed ; and in high latitudes at 
least, glaciers were formed on mountains of moderate altitude ; 
indeed, that vast sheets of ice were spread over almost the entire 
8ur&ce, extending south as far as the phenomena of drift have 
been observed. The northern regions, especially around the 
poles, are supposed to have formed one vast Mer de Glace, 
which sent out its enormous glaciers in a southerly direction by 
the force of expansion ; and the advance and retreat of these 
glaciers, accumulated the moraines and produced the striae and 
embossed appearance {roches moutounees) upon the rocks. 
When the temperature was raised, the melting of the immense 
eheet of ice produced vast currents of water, which would lift 
up and bear alonjg huge icebergs loaded with detritus, and thus 
scattered along the blocks over wide surges. The blocking up 
of the gorges by moraines, would form lakes and ponds, in which 
clay and sand, such as now lie above the drift, might have been 
deposited, and afterwards the barriers of these lakes, consisting 
of loose matter, may have been cut through and the waters grad- 
ually drained off, and assumed their present levels. In some 
parts of the world the elevation of mountains, as the Alps for in- 
stance, during the same period, might have increased the effects 
that have been described. 

Proof 1. The perfectly preseryed elephants and rhinoceros of Siberia 
in fhnen mnd, show that the change of climate there must have been 
Very sudden from quite warm to intense cold. 2. The general absence 
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of organic remains in the clay and sand lying above the drift, makes it 
probable that during their deposition the climate was too cold to favor 
the existence of animals and plants, while the highly arctic character of 
the few species of shells that have been found in these deposits in New 
York, Cana4a, Scotland, Sweden, and Russia, confirms this conclusion. 
3. The history of the effects of glaciers is the history of the phenomena 
of drifl in miniature. For example : the moraines' of glaciers corres- 
pond to the accumulations of drifl that are so common in northern re- 
gions. The latter are, indeed, somewhat modified, partly by sub- 
sequent aqueous agency, and partly by a somewhat different mode of 
production ; iK> that the distinct varieties of moraines accompanying 
glaciers are not always to be distinguished. Secondly, the smoothing 
rounding and polishing of the rocks, are the same beneath the glaciers 
as over the whole northern hemisphere. Thirdly, the parallel stri© 
upon their surfaces are perfectly explained by the passage of ice over 
them in unbroken sheets, with angular fragments fixed into their lower 
surface. Fourthly, the parallel furrows and valleys produced by the 
agency under consideration, upon the crests and sides of steep moun- 
tains are very analogous to those beneath the glaciers, the result of the 
joint action of ice and water. Fifthly, this same joint action may have 
transported bowlders to great distances and lodged them upon precipi- 
tous ridges and on sandy plains. Finally, these e^cts axe inexplicable by 
currents alone. 4. This theory furnishes an adequate agency for 
smoothing and furrowing the slopes of mountains, and for the trans- 
portation of drifl from lower to higher levels by an ascending force : 
^cts more difficult to explain than almost any other phenomena Con- 
nected with drifl. This might have been done both by the expansive 
force of ice, pushing one extremity of the sheet up the hill, and by 
water, lifling up icebergs with detritus from the bottom of the valleys, 
and as it rose, carrying them to higher levels. 5. It shows how deposits 
of clay and sand might have been formed above the Coarse detritus in lakes 
produced by the moraines and melting of the ice, and how their barriers 
afterwards might have been removed. 6. It gives a reason why those 
clays and sands are so wanting in organic remains, viz. a cold climate. 
7. It provides an agent sufficiently powerful to break down the tops of 
ledges of rocks, as appears to have been done at least in a few instances 
in New England, by an enormous fbrce operating obliquely downwards . 
in connection with the formation of drift. The expansion and great 
weight of a huge sheet of ice might exert a force upon obstacles 
almost irresistible. 

Objection. 'This theory furnishes a very inadequate cause for the south- 
erly direction taken by drifl over so large a part of Uie northern hemis- 
phere. It supposes that as Uie earth was cooling, most of the water 
evaporated in tropical regions would go to be condensed in the polar 
regions, and thus accumulate there a vast quantity of ice, so long as 
the glacial period continued. Admitting such a process, it might pro- 
duce a moderate southerly movement in the ice as it expanded. But 
the distance southerly to which the drifl has been transported, even 
that principal mass of it which must have been pushed alone by the ice, 
18 very great to refer to such a cause. And besides, the souuierly direc- 
tion of the force seems to have continued from the beginning to the end 
of the work ; so that the bottom of the valleys as well as the tops 
of the mountains have been equally affected by it. This fact 
seems to indicate some other cause besides mere expansion to give an 
austral direction to the force. It is difficult, also, to conceive how cur- 
19 
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rents formed by the mere meltiog of ice could have transported bowldei* 
from 400 to 600 miles to the south. 2. The largest and most remarka- 
ble moraines (ex. gr. those of Plymouth and Barnstable counties in 
Massachusetts,) are situated at a great distance from any mountains. 
This shows at least that the idea of their production by common glaciers, 
descending from higher to lower ground, must be given up : though 
this idea is not, perhaps, essential to the theory. If we can only sup* 
pose the sheet of ice fixed immoveably on its northern side, then, as it 
expanded, it would enlarge on its southern side. 3. It is difficult to im- 
mgine a cause for a sudden change on the earth's surface from an almost 
tropical to an ultra-arctic climate, without supposing a total change in 
the present arrangements of the solar system : without supposing, lor 
instance, the earth lefl without the light and heat of the sun. If facta 
prove such a change, however, it must be admitted even if we can ima- 
gine no cause. 

Inf. 1. The glacial theory, if essentially proved, will proba- 
bly require important modificatioDS to adapt it to all the phe- 
nomena of drift on the globe. Murchison and Verneuil, for in- 
stance, suppose it muse be so modified as to admit, that in the north 
part of Europe the parallel strisB upon the rocks must have 
been produced by " icefloes and detritus grating upon the bottom 
of the sea," and set in motion by currents produced " by the 
elevation of northern continental masses." On the Geological 
Structure of Russia in Europe j p. 13. 

Inf 2. It gives nearly as erroneous an idea of this theory to 
call it simply the Glacial theory^ as it would to call it the Di" 
luvial theory. For it is agreed by all that immense currents of 
water, and even extensive deluges, must have been the result of 
the melting down of vast accumulations of ice. These must 
have been sufficient to carry blocks and gravel from 400 to 600 
miles southerly ; and to form extensive lakes in the depressions 
of the surface. And if the return of heat was as sudden as 
Agassiz supposes its departure to have been, vast deluges must 
have been the consequence. Hence it would seem more appro- 
priate to call this theory the Glado-aqueous theory. 

Rem. A curious example to illustrate the effect of the sudden melt- 
ing of large masses of snow and ice, has just been communicated to me 
by Rev. Justin Perkins, American Missionary at Ooromiah in Persia, 
not far from Mount Ararat, in a letter of Nov. 6, 1840. In giving an 
account of two very powerful efirthquakes, experienced on and around 
that mountain in the summer of 1840, he says, *' the vast accumulation 
of snow which had been increasing on and about the tops of the moun- 
tains for centuries, was broken into pieces, and parts of it shaken down 
on the sides of the mountains in such immense quantities, that (it be- 
ing midsummer and the snow descending down as far as a warm climate 
and suddenlv melting,) torrents of water came rolling down the re- 
mainder of the mountain, and flooded the plains for some distsnce around 
its base/' 

Inf 3. The philosophical mind will probably feel that none of 
the Uieories to explain the phenomena of drift that have beea 
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giren, except the last, caD be regarded as at all satis&ctory. Ac 
to the last, it explains so happily the phenomeDa of drift, strisB, 
embossed rocks, and erratic blocks m the Alps, and these phe- 
nomena there so closely correspond to what has been regarded 
as the result of diluvial action over the whole northern hemis- 
phere, that we can hardly avoid feeling that we have at least got 
nold of the clue to this perplexing subject Indeed, it is difficult 
to believe that a theory which explains satisfactorily so many fea- 
tures of this subject, should not be true in its fundamental prin- 
ciples. Probably we may safely go so far as to say, that glacio- 
aqueous agency forms the essential element in the true theory of 
drift It may have acted variously and very differently from comr 
mon glaciers. But we may strongly hope that this general prii^ 
eiple will ultimately be so applied, as to explain completely all 
the phenomena of this most difficult branch of geology. 

Rem. This theory was first suggested by M. Venetz a Swiss 
engineer : then advocated by M. Charpentier ; and more recently 
brought out in its full proportions by Agassiz, in his Etude9 9ur 
lei §lacier$. 



SECTION VII. 

OPERATION OF OSOANIO AGENCIES IN PRODUCING GEOLOGICAL 
CHANGES. 

Rem. Many of the facts naturally belonging to this Section, have 
been necessarily anticipated in the preceeding Sections ; and will there- 
' fore, need only to be referred to in this place. 

Agency of Man. 

Prin. The human race produce geological changes in several 
modes: 1. By the destruction of vast numbers of animals and 
plants to make room for themselves. 2. By aiding in the wide 
distribution of many animals and plants, that accompany man 
in his migrations. 3. By destroying the equilibrium between 
conflicting species of animals and plants : and thus enabling 
some species to predominate at the expense of others. 4. By 
altering the climate of large countries by means of cultivation. 
6. By resisting the encroachments of rivers and the ocean. 6. 
By helping to degrade the higher parts of the earth's surface. 7. 
By contributing peculiar fossil relics to the alluvial depositions 
now going on, on the land and in the sea : such as the skele- 
tons of his own frame, the various productions of his art, nu- 
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merous gold and silver coins, jewelryi cannon bftlls;, kc that 
sink to the bottom of the deean in shipwrecks, or become othef- 
wise entombed. 

Examples, The only example of the entire extinction of the lar^rer 
animals coeyal with man, and probably through his agency, are the follow- 
ing. l.The great Irish EUc, which was JLO fl. nigh to the top of the horns, 
which are from 10 to 14 ft. between their tips. 2. The Dodo^ a bird larger 
than the turkey, which existed in Mauritius and the adjacent islands 
when they were colonized by the Dutch 200 years ago : but it is no 
longer to be found ; and even all the *8tuffed specimens that were 
brought to Europe are lost : so that a head and a foot of one individual 
in the Ashmolean Museum at Oxford, and the leg of another in the 
British Museum, are all that remains of it, except some fossil bones 
lately found in the Isle of France. 3. The Apteryx australis of New 
Zealand appears to be on the point of extinction, if not actually extinct : 
as only one specimen of it exists in Europe i and no others can be ob* 
t&ined, though the missionaries say Uiat its skin is still worn by the na- 
tives. WovZers of Geology^ Vol. l.p. 105. 

In particular countries it is a more common occurrence for species to 
become extinct ; as the beaver, wolf, and bear, in England. In this 
country the animals of the forest are disappearing or moving westward 
as the forests are clearing up. Since the discovery of the island of 
South Georgia, in 1771, <»ie million two hundred thoi)sand seal skins 
have been annually taken from thence ; and nearly as many more from 
the Island of Desolation. The animal is becoming extinct at these 
islands. How many of the smaller animals may have become extinct, 
through the agency of man, it is impossible to ascertain. 

It has been maintained with great confidence, that the climate of Eu- 
rope is very much warmer than in the days of ancient Rome : and this 
has been imputed to the clearing away of the forests. (Rees* CydoptBiia^ 
Article, Climate.) But M. Arago has lately rendered it probable, that 
no such change has taken place. (LyeWs Prin. Geol. Vol. 2. p 107.^ 
In North America, however, the extremes of heat and cold have 
probably been modified by the clearing away of the forests. 

Jn Italy, the Po Adige, and other rivers, are prevented from overflow- 
ing the adjacent country b^ embankments. These have been carried so 
high, and the bed of the river has so much filled up in some places, that 
tne surface of the Po is more elevated at Ferrara then the roofs of the 
iiouses. LyeU^s Prin. Geol. Vol. l.p. 179. 

Inf. Some writers maintain that as species of animals and 
plants dis^pear from the earth, new species are created to take 
their place, that the proper equilibrium of organic nature may 
be preserved. But as no certain example of the creation of a 
new species has yet been discovered, this opinion can be re- 
garded only as an hypothesis. And the majority of authors 
suppose that in general no new creation takes place, until near- 
ly the entire race inhabiting a country at any one period, have 
been destroyed, either by a sudden catastrophe, or in the slow 
manner that has been described. 

Obs. This question, with the whole subject of the permanence, dis- 
tribution, and mutual influence of species of animals and plants, is fully 
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and ably discussed in LyelVs Principles of Geology^ Book 3. The gene- 
ral principles regulating Iheir distribution has been given in Section V. 

Agency of Other Animals. 

Prin. Very many other animals exert an influence on geolo- 
gical changes analogous to that of man, though less in degree, 
except the following. 

Polyparia or Polyps. 

Rem. The lithological character of the stony habitation erected by 
these minute animals, has been described in Section III. Some ac- 
count of the Polyps has also been given in Section VI. The history of 
Coral Re^s remains to be given. 

Descr* Coral Reefs are ridges of calcareous rock, whose 
hasis is coral, (chiefly of the genera Porites, Astrea, Madre- 
pora, Meandrina and Caryophillia,) and whose interstices and sur- 
face are covered by broken fragments of the same, with broken 
shells and echini, and sand, all cemented together by calcare- 
ous matter. They are built up by the Polyparia, apparently on 
the margin of volcanic craters, beneath the ocean, not generally 
from a depth greater than 25 or 30 feet, yet sometimes proba- 
bly 90 feet. The polyparia continue to build until the ridge 
gets to the surface of the sea at low water ; after which, the 
sea washes upon it fragments of coral, drift wood, &c. and a 
soil gradually accumulates, which is at length occupied by ani- 
mals with man at their head. The reefs are usually arranged 
in a circular manner, with a lagoon in the centre, where, in 
water a few fathoms deep, grow an abundance of delicate species 
of corals, and other marine animals, whose beautiful forms and 
colors rival the richest flower garden. Volcanic agency often 
lifts the reef far above the waters, and sometimes covers one 
reef with lava, which in its t\jrn is covered with another form- 
ation of coral. The growth of coral structures is so extreme- 
ly slow, that centuries are required to produce any important 
progress. The rate of increase has not been determined. 

Descr. The diameter of these circular reefs has been found 
to vary from less than one to 30 miles. On the outside, the 
reef is usually very precipitous, and the water often of unfatho- 
mable depth. Fig. 111. is a view of one of these circular is- 
lands in the south seas, called Whitsunday Isle ; so &r re- 
claimed from the waters as to be covered with cocoa nut trees 
and with some human dwellings. 
19» 
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Fig. 111. 




fFkUswndays a Coral IskauU 



Descr, These circular islets occur abundantly in the Pacific 
Ocean, between the thirtieth parallels of latitude. They abound 
also, in the Indian Ocean, in the Arabian and Persian Gulfs, in 
the West Indies, &c. Usually ihey are scattered in a linear man- 
ner over a great extent. Thus, on the eastern coast of New 
Holland, is a reef 350 miles long. Disappointment Islands and 
Duff's Group are connected by 500 miles of coral reefs, over- 
which the natives can travel from one island to another. Be- 
tween New Holland and New Guinea, is a line of reefs 700 
miles long, interrupted in no place by channels more than 30 
miles wide. A chain of coral islets 480 geographical miles 
long, has long been known by the name of the Maldivas. LyeWs 
Prin. GeoL Vol. 2. p. 172. 

Infusoria. 

Rem. It is certainly one of the most astonishing discoveries of modem 
science, that the animalcula of infusions, of which 500.000.000 may live 
and sport in a drop of water, should originate extensive formations of 
rocks and soils by their skeletons. But the mystery is explained when 
we learn how astonishing is their power of multiplication. The facts on 
this subject, however, have been so fully detailed in Section V. that 
nothing more can be profitably added in this place. 

Agency of Plants. 

JDescr. Animal and vegetable substances, when buried in the 
earth, or the waters, sometimes undergo an almost entire decom- 
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position : at other times, this is very partial ; and sometimes 
the change is so slow that for years scarcely no apparent prog- 
ress is made. Different substances will be the result of these 
different degrees of decomposition. 

Descr^ Berzelius embraces all the organic matter of soils in 
the generic term Humus, Dr. Dana uses the term Geine as synono- 
mous, with Humus, when he speaks agriculturally. Berzelius 
supposes humus to contain humic acid,humin,crenicandapocrenic 
acid, and traces of glairin. Dr.Dana regards these as different forms 
of Geine, which, when in a soluble state, may be taken up by 
the roots of plants : but in an insoluble state, can afford no nour- 
ishment. When he uses the terra geine, however, in a strict 
chemical sense, he means by it the same as the humic acid of 
Berzelius ; or a compound of 16 atoms of oxygen, 2 atoms of 
hydrogen, and 16 atoms of carbon. This unites with bases and 
forms geates, or humates. In some places, as on the western 
prairies, these organic matters of soils increase so as to form a 
layer several feet thick : but in general they are so much used 
in the nourishment of plants, that they rarely become more than 
a few inches thick. 

Descr. The prevalent opinion among vegetable physiologists has been, 
that plants are nourished partly by imbibing carbonic acid through their 
leaves and their roots, and partly by taking up soluble geine ^om the 
soil. Recently, Liebig, Raspail and other distinguished Chemists have 
advanced the opinion, that they are nourished solely by the absorption 
. of carbonic acid, and that geine acts no other part in sustaining them but 
to furnish that gas. Liehig's Organic Chemistry of Agriculture and 
Physiology^ withnotesy byProfessor Webster ^ Cambridge^ 1Q41. 

Peat. 

Descr, Peat usually consists of soluble and insoluble geine, 
with a mixture of undecomposed vegetable matter, and some 
earths. Most of it results from the decomposition of certain 
mosses ; especially of the genus Sphagnum ; which decay at 
their lower extremity, while the top continues to flourish with 
vigor. Trees and whatever other organic matter happen to 
get into these peat bogs, soon become enveloped and assist to 
swell the amount. In some instances the beds have acquired 
a thickness of more than 40 feet. 

Descr, In tropical climates, except on hi^h lands, the de* 
composition of vegetable matter is so rapid that it is resolved 
into its ultimate elements before peat can be produced. Hence 
peat is limited chiefly to the colder parts of the globe. In Ire- 
land, the peat bogs are said to occupy one tenth of the sixrfiice, 
and one of them, on the Shannon, is 50 miles long and two or 
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three broad. In Massachusetts, exclusive of the four western 
counties, the amount of peat has been estimated at not less 
than li^O millions of cords ; and probably this falls far short of 
the actual amount. 

Descr. By the long continued action of water and other 
agents, the geine of peat is changed into bitumen and carbon, 
which constitute lignite and bituminous coal. In a few instances 
the process of bituminization has been found considerably ad- 
vanced in the beds of peat. MaccullocK*s System of Geology j 
Vol 2. p. 352. Dr. C, T, Jacksonh Second Report on the 
Geology of MainCy p. 80. American Journal of Science^ Vol. 
35.J9. 345. 

Descr, Peat bogs are remarkable for their antiseptic power, 
or the power of [preserving animal substances from putrefac- 
tion ; some remarkable cases of which are on record. {LyelPs 
Prin. GeoL Vol. 2. p. 115.) Whether this be owing 
to the existence of acetic acid in the peat, or to the conver- 
sion of the animal muscle into adipocere, seems to be not well 
ascertained. 

Descr. Peat bogs sometimes burst their barriers in con- 
sequence of heavy rains, and produce extensive inundations of 
black mud. 

Descr, The increase of peat varies so much under differ- 
ent circumstances, that it is of no use to attempt to ascertain its 
rate of growth. On the continent of Europe, it is stated to have 
gained seven feet in 30 years. Macculloch^s System of Geology. 
Vol. 2. p. 344. 

Descr. Where peat is formed in, or transported into estu- 
aries, it is sometimes covered with a deposit of mud ; over this 
another layer of peat forms, and in this way several alternations 
may occur. 

Descr, In some peat bogs, large trees have been found 
standing where they originally grew, yet immersed to the depth 
of 20 feet : as in the Isle of Man. LyelPs Prin. Geol. Vol. 2. 
p. 113. 

Descr. The following analysis of three specimens of marsh peat from 
Massachusetts, will gire an idea of the composition of this substance. 
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Dnft Wood. 

Descr. Large rivers, which pass through vast forests, carry 
down immense quantities jof timber. When these rivers over- 
flow their banks, this timber is In part deposited upon the low 
grounds. But much of it also collects in the eddies along the 
shores, or is carried into the ocean. After a time it becomes 
vmter-logged ; that is, saturated with water ; and sinks to the 
bottom. Thus a deposit of entangled wood is often formed 
over large areas. This is subsequently covered by mud ; and 
then another layer of wood is brought over the mud : so that in 
the course of ages, several alternations of wood and soil are 
accumulated. The wood becomes slowly changed into what 
Dr. Macculloch terms Forest Peat; that is, peat which retains 
its woody fibre. 

Example. 1. The Mississippi furnishes the most remarkable example 
known of these accumulations. In consequence of some obstruction in 
the arm of the riyer called the Atchafalaya, supposed to have been for* 
merly the bed of the Red River, a raft had accumulated in 35 years^ 
which in 1816 was 10 miles long, 220 yards wide, and 8 feet thick. Al- 
though floating, it is covered with living plants, and of course with 
Boil. Similar rafts occur on the red river : and one on the Washita, 
concealed the surface for 17 leagues. At the mouth of the Mississippi, 
also, numerous alternations of dSift wood and mud exist, extending over 
hundreds of square leagues. LyeWs Prin. GeoL Vol, 1. p, 182. 228, 
American Journal of Science^ Vol, 3. p. 17. 

Ex.2. Similar deposits of wood and mud are found in the river 
Mackenzie, which empties into the North Sea ; and in the lakes through 
which it passes. At the mouth of the river, which is almost beyond the 
region of vegetation, are extensive deposits brought from the more 
southern regions, through which the river passes. LytiVs Prin, GeoL 
Vol. 2. p. 1:J6. 

Ex, 3. A part of the drift wood which is brought down the Mississippi 
and other rivers, along the coast of America, is carried northward by the 
Gulf Stream, and thrown upon the coasts of Greenland. The same 
thing happens in the bays of Spitzbergen, and on the coasts of Siberia. 
LyeWs Prin. GeoL Vol. 2. p. 138. 

Inf. In the history of common peat and drift wood, we see the 
origin of the beds of coal which exist in the older strata : For it 
needs only that the layers of peat (in which term I include sub- 
merged drift wood,) should be bituminized, and the intervening 
layers of sand and mud be consolidated, in order to produce a 
genuine coal formation. Common marsh peat alone, can have 
originated but a small part of the beds of coal. PhilHps^s Geol. 
p. 116. 

Consolidation of Loose Materials. 

Rem. Having in this and the preceding Sections described a variety 
of natural processes by which just such materials as form the fossilife- 
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rous rocks are produced, it remains to enquire whether any a^rents are 
now in operation to effect their consolidation. 

Prin. A considerable degree of solidity is sometimes pro- 
duced by mere desiccation. 

Examples. 1. When clay is exposed for a long time to the^un, it be- 
comes as hard as some rocks:— ex. gr. the marly clay dug from the bot- 
tom of Lake Superior. (LyeWsPrin. Geol. Vd.l.p. A7.) 2. Some rocks, 
when dug firom a considerable depth in the earth, in so soft a state as to 
be readily cut with a knife, become very hard on exposure to the at- 
mosphere. 

Prin. Carbonate of lime, conveyed in a at ate of solution 
among the loose particles of gravel, sand, clay, or mud, and 
there precipitated, becomes a very efficient agent of consolida- 
tion. 

Examples, 1. On the shores of the Bermuda and West India Islands, 
extensive accumulations of broken shells, corals, and sand, are formed 
upon the shores by the waves ; and these are subsequently consolidated, 
frequently into very hard rock, by the infiltration of the water which 
eontains carbonate of lime in solution. The famous Gaudalope rock, in 
which human skeletons, along with pottery, stone arrow heads, and 
jrooden ornaments, are found, is of the same kind. 2. The Mediterrane- 
an delta of the Rhone, is ascertained to be in a good measure solid rock, 
produced bv the numerous springs that empty into it, that contain car- 
bonate of Imie in solution. The same is true of the deposits at the 
mouths of other rivers in the south part of Italy : but more especially on 
the east coast of the Mediterranean ; where the ancient Sidon, formerly 
on the coast, is now two miles inland. {LydVs Prin. Geol. Vol. 1. p, 
286.) 3. In Pownal,yermont,three miles north of Williams College,large 
masses of drift are cemented by carbonate of lime. 4. I have 
specimens of a calcareous breccia from West Stockbridge, in Massa^ 
chusetts, which was formed by the chips thrown off in hewing marble, 
cemented toother by the stream that passed over them, so as to be 
nearly as sohd as the original limestone This was accomplished in 17 
years. 

Prin. Another agent of consolidation is the red or peroxide 
of iron ; or rather the carbonate of iron ; since the peroxide is 
not soluble in water, without carbonic acid. 

Examples. 1. On the northern coast of Cornwall, Eng. large masses 
of drifled sand have been cemented by iron into rocks, solid enough 
sometimes to be employed for building stones. 2. A similar case occurs 
on the coaust of Karamania, and other parts of Asia Mmor. (De La 
Beche's Manual, p. 78.^ In the United States it is common to find the 
sand and gravel of the drifl and tertiary strata, more or less consoli- 
dated by the hydrated peroxide of iron. 

Prin. Silica dissolved in water, appears to have been in for- 
mer times, an important agent in consolidating rocks : But at 
the present day it seems to be limited chiefly to deposits from 
thermal waters ; since it is only water in this condition that 
will dissolve silica in much quantity. 

Examples. The deposits around the Geysers in Iceland, the Azores 
islands, &c. 

Prin. Heat is an important agent in the consolidation of 
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rocks : the most so when it produces complete fusion : yet this 
is not necessary to the production of a good degree of solidifica- 
tion. 

Examples. The instances are so common in the arts, (as in humin^ 
bricks, pottery, porcelain, &:c.) where heat solidifies ; and also in the yi- 
cinity of volcanos, where loose materials have become very hard by the 
proximity of lava, that particular instances need not be pointed out. 

Prin. in many of the cases that have been described, great 
pressure assists in the work of consolidation. Indeed, it is 
sometimes sufficient of itself to bring the particles within the 
sphere of cohesive attraction. 

Example. This principle is too well understood to require particular 
instances to be pointed out. 

General Inference from this and the Preceding Section. 

Inf. From the facts detailed in this and the preceding Section, 
it appears that all the stratified fossiliferous rocks of any impor- 
tance, may have resulted firom causes now in operation. 

Proof and Examples. 1. Beds of clay need only to be consolidated to 
become clay slate, graywacke slate, or shale. 2. The same is true of 
fine mud. 3. Sand consolidated by carbonate of lime, will produce cal- 
eareous sandstone : by iron, ferruginous sandstone. 4. Drift, in like 
manner, will form conglomerates of every age, according to variations in 
the agents of consolidation. 5. Marls need only to be consolidated to 
form argillaceous limestones ; and if sand be mixed with marl, the lime- 
stone will be siliceous. 6. Coral reefs and deposits of Travertin, sub- 
jected to strong heat under pressure, will produce those secondary lime- 
stones that are more or less crystalline : but more of this under the next 
Section. 7. We have already seen how beds of lignite and coal may be 
produced from peat and drift wood. 8. The formation of such extensive 
beds of rock salt and gypsum, as occur in the secondary and tertiary 
rocks, is more difficult to explain by any cause now in operation. And 
yet in respect to the former, it is said that the lake of Indersk, 20 leagues 
m circumference, on the Steppes of Siberia, has a crust of salt on its 
bottom more than six inches thick, hard as stone, and perfectly white. 
The lake of Penon Blanco in Mexico, yearly dries up, and leaves a de- 
posit of salt, suflScient to supply the country, {lire's Geology^ p. 373.) 
I have also described a somewhat similar case at the lake of Ooromiah in 
Persia. (See Section Til.) Probably however, volcanic action was con- 
cerned in the deposition of rock salt. The origin of gypsum is still more 
difficult to explain by agencies now at work, since we know of but very 
few springs that deposit it, and these (ex. gr. at Baden near Vienna,) in 
small quantity. 

Rem. 1. It does not follow from the preceding inference that the 
causes of geological change now in operation, have not operated during 
the deposition of the fossiliferous rocks with greater energy than at 
present ; but only that they have been identieiu in nature, during the 
past and present periods. 

Rem. 2. We can better judge whether existing agents have produced 
the older stratified rocks, and the unstratified class, when we have ex* 
imined the dynamics of igneous agencies. 
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SECTION VIII. 

OPERATION OP IGNEOUS AGENCIES IN PRODUCING GEOLOGICAL 
CHANGES. 

Def, Volcanic action in its widest sense, is the influence ex- 
erted by the heated interior of the earth upon its crust. Igne- 
ous agency has a still more extensive signification ; embracing 
all the action exerted by heat upon the globe, whether the 
source be internal or external. The history of the former will 
prepare us better to appreciate the influence of the latter. 

Prin. Volcanic agency has been at work from the earliest 
periods of the world's history ; producing all the forms and 
phenomena of the unstratified rocks, from granite to the most 
recent lava. Modern volcanos will first come under consider- 
ation. 

Def. These are of two kinds, Extinct and Active. The 
former have not been in operation within the historic period : 
the latter are constantly or intermittingly in action. 

Def, A volcano is an opening in the earth from whence 
matter has been ejected by heat, in the form of lava, scoria, or 
ashes. Usually the opening called the crater^ is an inverted 
cone ; and around it, tnere rises a mountain in the form of a 
cone, with its apex truncated, produced by the elevation of the 
earth's crust and the ejection of lava. The volcanic cones vary 
in height from 600 feet (Stromboli,) to 17730 feet. (Cotopaxi.) 
Humboldt on the Superposition of Rocks y p. 408. 

Def. When nothing but aqueous and corrosive vapors have 
been emitted from a volcanic elevation for centuries, such ele- 
vation is called a Solfatara, or FumeroU, 

Def When volcanos exist beneath the sea, they are called 
Submarine ; when upon the land, subaeriaL 

Descr, As a general fact, volcanic vents are not insulated 
mountains, but are arranged in extensive lines, or zones ; often 
reaching half around the globe. 

Exam. 1. Perhaps the most remarkable line of rents is the long 
chain of islands commencing with Alaska on the coasts ot Russian 
America, which passes over the Aleutian Isles, Kamschatka, the 
Kurilian, Japanese, Phillipine, and Moluccan Isles, and then turning, 
includes Sumbawa, Java, and Sumatra, and terminates at Barren Island 
in, the Bay of Bengal. 2. Another almost equally eztensire line, com- 
mences at the southern extremity of S. America, and following the 
chain of the Andes, passes along the Cordilleras of Mexico, thence into 
California, and thence nothward as far at least as Columbia River ; which 
it crosses between the Pacific Ocean and the Rocky Mountains. 
(Purker*s Tour beyond the Rocky Mountains.) 3. A volcanic region, 10 
degrees of latitude in breadth, and 1000 miles long, extending from the 
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Azore Islands to the Caspian Sea, abounds in volcanos ; though very 
much scattered. The region around the Mediterranean, is perhaps bet- 
ter known for volcanic agency than any other on the globe ; because no 
eruption occurs there unnoticed. 

I>e/. Volcanos not arranged in lines or zones, are called 
central volcanos, and are more or less insulated. 

Examples. Iceland, the Sandwich Islands, Society Islands, 
Island of Bourbon. Jorullo in Mexico, and a region in Central 
Asia, of 2500 square geographical miles, from 800 to 1200 miles 
from the ocean. De la Beckers Theoretical Geology^ p. 130. 

Descr. The number of active volcanos and Solfataras on 
the globe, is estimated at a little over 300 : (303) {Consider a- 
tions Generales sur les Volcans 8fc. Par M. J. CHrardiny p, 28. 
Paris 1831,) and the number of eruptions about 20 in a year, 
or 2000 in a century : though on both these points there is room 
for considerable uncertainty. 

The following Table will show how the Active Volcanos and Solfa- 
taras are distributed on the Globe. 





On 


On 






Continents. 


Islands. 


Total. 


Europe, 


4 


20 


24 


Africa, 


2 


9 


11 


Asia, 


17 


29 


46 


America, 


86 


28 


114 


" Ooeanica^ 




108 


108 


"■ total. 


109 


194 


303 



Descr. 194 of these volcanos, or about two thirds, are 
situated upon the islands of the sea : and of the remaining 
third, the greater part are situated upon the borders of the sea, 
or a little distance from the coast. Girardm^s Considerations^ 
^c. p. 25. 

Inf. Hence it is inferred that water acts an important part 
in volcanic phenomena : indeed, it seems generally admitted 
that the immediate cause of an eruption is the expansive force 
of steam and gases. It ought not to be forgotten, however, 
that some volcanos are far inland : as Jorullo in Mexico, and the 
volcanos in central Asia. 

Intermittent Volcanos^ 

Descr. Only a few volcanos, are constantly active : in most 
cases their operation is paroxysmal ; and is succeeded by long- 
er or shorter intervals of repose. This interval varies from 
a few months to seventeen centuries. In the Island of Ischia, 

20 
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the lati^ period has been kiK)wn to intervenes between two 
emptioDs. 

Inf. Hence some of the volcanos of America, generally re- 

firded as extinct, (as Chimborazo, and Carguairazo in Quito, 
acoza in Peru, and Nevado de Toluca in Mexico,) may yet 
break forth and show themselves to belong to the class of active 
volcanos. 

Phenomena of an Eruption. 

JJescr- A volcanic eruption is commonly preceded by earth- 
quakes in the vicinity ; stillness of the air, with a sense of 
oppression ; noises in the mountain ; and the drying up of 
fountains. The eruption commences with a sudden explosion, 
followed by vast clouds of smoke and vapor, with flashes of 
lightning, and showers of ashes and stones ; and finally by red 
hot lava ; which flows over the rim of the crater and spreads 
over the surrounding country. 

Descr, Probably the most remarkable eruption of modern 
times took place in 1815, in the island of Sumbawa, one of 
the Molucca group. It commenced on the 5th of April, and 
did not entirely cease till July. The explosions were heard in 
Sumatra, 970 geographical miles distant in one direction, and 
at Ternate in the opposite direction, 720 miles distant. So 
heavy was the fall of ashes at the distance of 40 mil^s, that 
houses were crushed and destroyed beneath them. Towards 
Celebes, they were carried to the distance of 217 miles ; and 
towards Java, 300 miles, so as to occasion a darkness greater 
than that of the darkest night. On the 12th of April, the float- 
ing cinders to the westward of Sumatra, were two feet thick ; 
and ships were forced through them with difficulty. Large 
tracts of country were covered by the lava : and out of 12.000 
inhabitants on the island, only 26 survived. 

Descr. During the great eruption of the volcano of Cosi- 
guina in Gautimala, on the shores of the Pacific, in 1835, ashes 
fell upon the island of Jamaica, 800 miles eastward : and upon 
the deck of a vessel 1200 miles westward, American Journal 
of Science^ Vol 33. p. 53. 

Descr, The situation of Vesuvius and Etpa has made their 
history better known than that of most volpanos. Eighty 
one eruptions of "the latter are on record, since the days of 
Thucydides; and thirty seven of the former, since the first 
century of the Christian era. That which occurred in Vesuvi- 
us A. D. 79, is best known, from the fact that it buried three 
cities, Herculaneum, Pompeii, and Stabiae ; which were flour- 
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taking at iU bum. Not moch melted lava appears to hare been 
throws oat at the eruption, which consisted chi^y of lapiHI, 
saad, and s^nes. Hence it is, that dmost ^very thing enve* 
loped in those cities; — streets, houses, inscriptions, papyri, 
(maBoaoripts), grain fruit, bread, condiments, medicines, &c. &c. 
are in a most perfect state of preseryation. They are, indeed, 
perfect examples of fossil cities! LyelP$ Prin. Geol Vol I. p. 
323. Dr. Jam€9 JoknswiCt Philosophy of TrtmelHng^ p. 232. 

Rem, The vast quantity of aqueous vapor that eioapeft during a 
Tolcanie eruption, is often condensed and descends in torrente of 
rain, which falling upon the ashes, which the volcano has oast out, eon- 
rerts them into mud ; and it was probably mostly mud that enreioped 
Pompeii, though Hereulaneum appears to hare been coyered with mel- 
ted matter. Mud ready formed, however, not unfrequently is emitted 
from Tolcanos. 

Deser. In the jt9T 1759, in the elevated pkua of Malpats 
ii^ Mexico, which is from 2000 to 3000 feet above the ocean, 
and at the distance of 125 miles from the sea, a volcanic erup- 
tion took place, producing six volcanic cones ; now varying in 
height from 200 to 1600 feet. Around these cones, and cover- 
ing several square miles, are a multitude of small cones, from 
6 to 2 feet high, called Homitoij which continually give off hot 
aqueous vapor and sulphuric acid. 

Rem, There is still a dirersiu^ of opinion as to the mannft i^i 
which volcanic cones are formed. Von Bach, the distinguished Prussian 
geologist, maintains that a large part of the cone is produced by the 
upheaving of the strata, and that the crater, which in such cases he 
calls a crater of elevation, results from the fracture at the summit. 
Upon this elevated mass lava accumulates. Other geologists suppose 
the cone to be entirely formed of lava. 

Descr, Sometimes during a violent eruption, the whole 
mountain, or cone, is either blown to pieces, or fi^tlls into the 
gulf beneath, and its place is afterwards occupied as a lake. 

Exam. 1. In 1772, the Papandayang, a large volcano in the island 
of Java, afler a short and severe eruption, fell in and disappeared 
over an extent 15 miles long and six broad ; burying 40 villages, and 
2957 inhabitants. 2 In 163d, the Pic, a volcano in the Island of Timor^ 
so high as to be visible 300 miles, disappeared, and its place is now oc- 
cupied by a lake. 3. Many lakes in the south of Italy are supposed to 
have been thus formed ; and this is probably the origin of the Dead 
Sea in Palestine, of lake Ooromiah in Persia, &c. (BakeweU's Geology^ 
jp. 265.) 4. A volcano occupying the same spot, as me present Vesuvius, 
is supposed thus to have been destroyed in 79, and its remains to con- 
stitute the circular ridge, called Somma, which is several miles in 
diameter. 

Dynamics of Volcanic Agency. 

JPrtfi. We can form an estimate of the power exerted by vol- 
canic agency, from three circumstances : first, the amount of 
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lava protruded : secondly, from the distance to which masses 
of rock have heen projected : and thirdly by calculating the 
force requisite to raise lava to the tops of existing praters fron^ 
their base. 

lieacr. Vesuvius, more than 3000 feet high, has launched 
scoria 4000 feet above the summit. Cotopaxi, nearly 18,000 
feet high, has projected matter 6000 feet above its sunmiit ; and 
once it threw a stone of 109 cubic yards in volume, to the dis-^ 
tance of nine miles. 

Descr. Taking the specific gravity of lava at 2.8, the following^ 
Table will show the force requisite to cause it to flow over the tops of 
the several volcanos, whose names are given, with their height above 
the sea. The initial velocity which such a force would produce, is also 
given in the last column. 



Name. 


Height 
in feet. 


Force ex- 
erted upon 


Initial ve- 
locity per 






the Lava. 


second. 


^tromboli, (highest peak,) 


2168 176 Atmospheres. 371 feet. 


Vesuvius, 


3874 314 


496 


Jorullo, Mexico^ 
Hecla, Iceland, 


2942 319 


502 


5106 413 


570 


Etna, 


10892 882 


832 


TenerifTe, 


12464 1009 


896 


Mouna Kea, Sandwich Isles. 


14700 1191 


966 


Popocatapetl, Mexico, 


17712 1435 


1062 


Mount Elias, 


18079 1465 


1072 


Cotopaxi, ^uito, 


18869 


1492 


1104 



Rem, There can be little doubt but the chimney of a volcano ex- 
tends generally as much below the level of the sea, as it does above *, 
and often probably fifty times as deep : so that the actual force pressing 
upon the lava in its reservoir, may be far greater than the second col- 
umn of the preceding table represents : and the initial velocity much 
greater than in the third column. 

Descr. The amount of melted matter ejected from Vesuvi- 
us in the eraption of 1737, was estimated at 11.839.168 cufeic 
yards : and in that in 1794, at 22.435 520 cubic yards. But 
these quantities are small compared with those which Etna has 
sometimes disgorged. In 1660, the amount of lava was 20 times 
greater than the whole mass of the mountain ; and in 1669, when 
77.000 persons were destroyed, the lava covered 84 square miles. 
Yet the greatest eruption of modern times was fom Skaptar 
Jokul in Iceland, ""in 1783. Two streams of lava flowed in op- 
posite directions ; one of them 50 miles long and 12 broad ; 
and the other 40 miles long and 7 broad : both havmg an ave- 
rage thickness of 100 feet : which was sometimes increased to 
500 or 600 feet. Twenty villages and 9000 inhabitants were 
destroyed. LyeVs Prin. Geol Vol 1 . p. 343. 
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New Islands formed by Vokanic Agency, 

Descr, History abounds with examples of new islands ri- 
sing out of the sea by volcanic action. Such were Delos, 
Rhodes, and the Cyclades, situated in the Grecian Archipelago, 
and described by Pliny the naturalist, and other ancient writers. 
In more modern times, small islands have risen in the Azore 
Group : such as Sabrina in 1811, which was 300 feet high, and 
a mile in circumference : but after some months it disappeared : 
another in 1720, was six miles in circumference. In 1707, the 
island called Isola Nuova, was thrown up near Santorini, and 
continues to this day. Just before the great eruption of Skaptar 
Jokul in Iceland in 1783, a new island appeared off the coast ; 
which, however, subsequently disappeared. In 1796, a new is- 
land rose to the height of 350 feet ; having two miles of cir- 
cumference, in the Alei^tian Group, east of Kamtschatka, 
which is permanent. In 1806 another permanent island rose 
in the same vicinity; four geographical miles in circumference. 
In the same archipelago, in 1814, another peak arose, which 
was 3000 feet high ; and which remained standing a year after- 
wards. In those cases where the cone does not sink back be- 
neath the sea, it is probably composed of the more solid lavas, 
such as trachyte, or basalt. So late as 1831, a new island ap- 
peared near Sicily in the Mediterrenean, rising to the height 
of 220 feet, and after exhibiting volcanic phenomena for some- 
time, it disappeared. Girardin Considerations y 8fc. sur les Vol' 
cansy p. 31 — Pouktt Scrope^s Considerations on VolcanoSy p. 
172, London lS25—LyelPsPrin. Geol Vol. I. p. 388. Bake- 
tvelPs Geology yp* 261. 

Rem. 1. In some instances the islands thus raised, are composed main- 
ly of the rocks which form the bottom of the sea; and which has been 
upheaved ; as the island of New Kamenoi near St. Erini, which rose in 
1707, and which was composed partly of limestone and covered with 
living shells. 

Rem. 2. These islands are not always raised to their full height by a 
single paroxysm of the volcanic force ; but by a succession of efforts for 
months and even years. 

Descr. Very many large islands appear to be wholly, or aN 
most entirely, the result of volcanic action ; and to be composed 
-chiefly of lava and rocks upheaved by volcanic action ; such as 
sandstone and limestone : Ex. gr. the Sandwich Islands : of 
which Hawaii, the largest, contains 4000 square miles of surface 
and rises 18.000 feet above the ocean : Teneriffe, 13.000 feet 
high : Iceland, Sicily, Bourbon, St. Helena, Tristan d'Acunha, 
the Maderia, Faroe and Azore Islands ; a great part of Java, Su- 
matra, Celebes, Japan, &c. 
20* 
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Character of Molten Lava. 

Descr. Lava in general is not very thoroughly naelted ; so 
that when it moves in a current 6ver the country, its sides form 
walls of considerahle hmght, and a crust soon forms over its sur- 
fiM)e, which serves still more to prevent its spreading out laterally. 

Rem. Hence a lara current may be deflected from its coarse by break* 
ing away its crust on one side : and in this way it has sometimes been 
turned away from towns that were threatened by it. In one instance, 
the inhabitants of Catania attacked a lava current and turned it towards 
Patemo ; whose inhabitants took up arms and arrested the operation. 
LydVa Prin. Gaol. Vol. 1. p. 337. 

Descr, The crust that forms upon lava soon becomes a good 
non-conductor of heat ; and hence the mass requires a long time 
to cool : ex. gr. the case of Jorullo in Mexico, 1600 feet high, 
which was ejected almost 100 yeaas ago, but is not yet cool. 
The lava thrown out of Etna in 1819, was in motion, at the rate 
of a yard in a day, nine months after the eruption : ( Scrope on 
VolcanoSj p. 101.) and it is stated that lava from the same 
mountain, at a previous eruption, was in motion after the lapse 
of 10 years. De La Beckers Theoretical Geologtfy p. 135. 

Rem. This explains a curious fact. In 1828, a mass of ice was found 
On Etna, lyin^ beneath a current of la'N^a. Probably before this flowed 
over it, the ice might have been covered by a shower of volcanic ashes ; 
which are a good non-conductor of heat ; and might prevent the imme- 
diate melting of it; while the superimposed lava has preserved it from 
the period of its eruption to the present. 

Deacr* When lava is thrown out upoh the dry land, witfi 
only the pressure of the at;mosphere upon it, it is apt to become 
vesicular and scoriaceous : But when cooled slowly and under 
great pressure, it becomes compact and may be even crystalline. 

Volcanoa constantly Active. 

Dcscr* A few volcanic vents have been constantly active 
since they were first discovered. They always contain lava in 
a state of ebullition ; and vapors and gases are constantly esr 
caping. 

Ex. 1. Stromboli one of the Lipari Islands has been observed longer 
probably than any volcano of this class : and for at least 2000 years it 
has been unremittingrly active. The lava here never flows over the top 
of the crater : though it is sometimes discharged through a fissure into 
the sea, killing the fish, which are thrown upon the shore ready co<^ed. 
It is said to be more active in stormy than in fair weather ; likewise 
more so in winter than in summer : a fact explained by the difierent 
degrees of pressure exerted by the air upon the lava at different times. 
When the air is light, the internal force predominates ', but when heavy, 
it restrains the energy of the volcano. 
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Exn 2. In lake Nicaragua is a volcano which is constantly burning. 
Villarica in Chili, so high as to be seen 150 miles, is never quiet. The 
same is said to be the case with Popocatepetl, in Mexico, which is nearly 
18.000 feet high. Ever since the conquest of Mexico it has been pouring 
forth smoke. GirarditCs Considerations^ fyc. p. 168. 

Ex, 3. But the most remarkable volcano on the ^lobe is 
that of Kirauea or Kilauea, in the Sandwich Islands, on Hawaii ; 
for the first accurate account of which we are indebted to Ameri 
can Missionaries. {American Jour, of Science j Vol. 11, j9. 1, 
and 362.) Rev. Messrs. Stewart and Ellis, the first {an Ameri- 
can, and the latter an English Missionary, have both given us 
most graphic and thrilling descriptions of it. It appears to be 
situated upon a plain 8000, or 10.000 feet above the ocean ; 
and at the foot of Mouna Roa. In approaching the crater, it 
is necessary to descend two steep terraces, each firom 100 to 
200 feet high, and extending enturely around the volcano. The 
outer one is 20 and the inner one 15 miles in circumference ; 
and they obviously form the margin of vast craters, formerly 
existing. Arrived at the margin of the present crater, the 
observer has before him a crescent shaped gulf, 1500 feet deep ; 
at whose bottom, which is from 5 to 7 miles in circumference, 
the top being from 8 to 10, is a vast lake of lava, in some parts 
molten, in others covered with a crust ; while in numerous 
places (some have noticed as many as 50 at once,) are small 
cones, with smoke and lava issuing out of them from time to 
time. Sometimes, and especially at night, such masses of lava 
are forced up, that a lake of liquid fire, not less than two miles 
in circumference, is seen dashing up its angry billows, and form- 
ing one of the grandest and most thrilling objects that the ima- 
gination can conceive. Fig. 112, is a view of this volcano 
taken by Mr. Ellis. 

Rem, A powerful eruption of this volcano took place in May and June 
1840. For several years the ffreat gulf had been gradually filling up 
until it was not more than 900 feet deep. At length the lava found a 
subterranean passage, and flowed 8 miles under ground, when it reached 
the surface, and then advanced 32 miles farther; and for three weeks con- 
tinued to pour into the sea a stream of red hot lava with frightful hissings 
and detonations. Missionary Heialdfor JtiZy,.1841. Account by Rev. Mr. 

Coar, .American Missionary. 

Seat of Volcanic Power. 

Prin. Volcanic power must be deeply seated beneath the 
earth's crust. 

Proof. 1. The melted lava is forced out firom beneath the 
oldest rocks ; as gneiss and granite : for masses of these rocks 
are fi*equently broken off and thrown out. 2. Lines or trains 
of volcanos indicate some connection between the vents ; and 
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the great length of these lines, several thousand miles in some 
instances, can be explained only by supposing that the fissure 
or cavity bj- which the connection is made, must extend to a 
great depth. 3. When in 1783, a submarine volcano, on the 
coast of Iceland, ceased to eject matter, immediately another 
broke out 200 miles distant, in the interior of the island. 4. 
Were not the power deep seated, volcanos would become ex- 
hausted ; as they sometimes throw out more matter at a sin- 
gle eruption, than the whole mountain melted down could 
iupply. 

Fig. 112. 




Volcano of Kirauea : Sandtoich Islands, 

Earthquakes. 

Descr. Earthquakes almost always precede a volcanic 
eruption ; and cease when the lava gets vent. 

Inf* 1. Hence the proximate cause of earthquakes is obvi- 
ous : viz. the expansive efforts of volcanic matter, confined 
beneath the earth's surface. ^ 

Inf. 2, Hence too the ultimate cause of volcanos and earth- 
quakes, is the same : whatever that cause may be. 

Descr. Earthquakes are said to be preceded by great irregu- 
larities of the seasons; by redness of the sun, haziness of 
the air, violent winds, succeeded by dead calms, and the 
like ; but it is doubtful, whether these precursors be not more 
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imaginary than real. That electric matter, or inflammable gas, 
or fire, should issue from the soil with mephitic vapors ; that 
noises, like the trundling of carriages, and the discharge of ar<- 
tillery, should be hieard beneath the ground ; that something 
like sea sickness should be epxerienced ; and that animals 
should show greater alarm than men, are all easily believed ; 
because they are effects naturally resulting from the known 
phenomena. 

Descr, During the paroxysm of the earthquake, heavy 
rumbling noises are heard ; the ground trembles and rocks ; 
fissures open on the surface, and again close ; swallowing up 
whatever may have fallen into them ; fountains are dried up ; 
rivers are turned out of their courses : portions of the surface 
are elevated and portions depressed ; and the sea is agitated and 
thrown into vast billows. 

Example, The cases that might 'be mentioned, of cities, and towns, 
wholly or in part submerged by the ocean, in consequence of earth- 
quakes, are very^ numerous. In the year 876, Mount Acraces is said 
to have fallen mto the sea: in 541, rompeiopolis was half swallowed 
op : in 1692, a part of Port Royal in the West Indies was sunk : in 1755 
a part of Lisbon : in 1812, a part of Caraccas. About the same time 
numerous earthquakes agitated the yalley of the Mississippi, for an ex* 
tent of 300 miles, from the mouth of the Ohio, to that of the St. Fran- 
cis ; whereby numerous tracts were sunk down and others raised, lakes 
and islands were formed, and the bed of the Mississipi, was exceedingly 
altered. In 1819, the bed of the Indus at its mouth, was sunk 18 feet, 
and the village and port of Sindree submerged. At the same time a tract 
of the delta of the Indus, 50 miles long and 16 broad, was elevated 
about 10 feet. In Caraccas, in 1790, a forest was sunk over a space of 
800 yards in diameter, to the depth of 80 or 100 yards. In 1783, a large 
part of Calabria was terribly convulsed by earthquakes, over an area of 
500 square miles. The shocks lasted for four^years : in 1783 there were 
949, and in 1784, 151, A vast number of fissures of every form were 
made in the earth, and of course a great many local elevations and sub* 
sidences ; which however do not appear to have exceeded a few feet. In 
some sandy plains, singular circular hollows a few feet in diameter, and 
in the form of a inverted cone, were produced by the water, which was 
forced up through the soil. Some of these are exhibited on Fig. 113. 

Rev. Mr. Parker has described a remarkable subsidence, 20 miles in 
length, and a mile in width, just above the falls in Columbia river. 
Through this whole distance the trees are standing in the bottom of the 
stream, at an average depth of 20 feet : only that part of them above 
high water mark being broken off. He could discover no evidence that 
this tract had separated from the bank of the river. ^ But the whole re- 
gion appears to be one of extinct volcanos, and the river passes through 
hills and walls of basalt, and most probably this is a case of subsidence 
from an earthquake. The banks are too high and rocky to admit of the 
explanation that a lake has been formed by the river cutting through its 
levee, and overflowinff the adjacent low ground, whereby, along the 
Mississippi, a lake with trees standing in it, is sometimes produced. 
Parker's Exploring Tour beyond the Rocky Mountains^ p. 132. 
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Fig. 113. 




H9l9» farnud by an Earthquake* 

The most extensiTe elevation of land on record by means of earth- 
quakes, took place on the western coast of South America in 1823. The 
shock was felt 1200 miles along the coast : and for more than 100 miles, 
the coast was elevated from 3 to 4 feet ; and it is conjectured that an 
area of 100.000 square miles was thus raised up. This case, originally 
noticed by Mrs. Graham, and subsequently by Dr. Meyen and Mr. Frey- 
er, has excited a great deal of discussion among £uropean geologists : 
nor can it yet be regarded as absolutely settled ; for Mr. Gumming, an 
able naturalist, who resided at Valparaiso at the time of the earthquake, 
{whose greatest power was exhibited there,) says that the spring tides 
rose to the same height upon a wall near his house after the event as be- 
fore. LyeU'g Prin. Geol. Vol, 1. ;>. 380 

Remark. I. In estimating the permanent effects of earthquakes, it 
ought to be recollected that the changes of level which they produce, 
ofl^n balance one another, afler the lapse of a few months or years. 

Remark. 2. The number of earthquakes is probably about the same aa 
that of volcanic eruptions, viz. about 20 annually. 

Vertical movements of Land without Earthquakes, 

Descr. It seems to be pretty well established, that yarioua 
parts of our present continents are subject to vertical move- 
ments, either of elevation or depression, or of both, in alterna- 
tion ; and that too in districts not known to be subject to the 
action of earthquakes, or of volcanic agency in any form. 
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Examples. 1. The most certain example of eleration of an eztensiTe 
tract of country in comparatively recent times, is tl^at of the northern 
shores of the fialtic, investigated with great ability by Von Buch and 
Lyell. Some parts of the coast appear to have experienced no vertical 
movement. But from Gothenburg to Torneo, and from thence to North 
Oape, a distance of more than J OC^ geographical miles, the country ap- 
pears to have been raised up from 100 to 200 feet above the sea. The 
breadth of the region thus elevated is not known, and the rate at which 
the land rises (in some places towards 4 feet in a century) is different in 
different places. The evidence that such a movement is taking place, 
is principally derived from the shells of mollusca now living in the 
BaJtic, being found at the elevations above named ; and some of the bar- 
nacles attached to the rocks. They have been discovered inland in one 
instance 70 miles. (LyelVs Prin. Geol. Vol. 1. p. 437.) 

2. Several examples are quoted in England of elevated sea beaches with 
the remains of shells ; such as now occur in the ocean. Also in Italy . 
at the Cape of Good Hope ; and in the West Indies. But I may be per- 
mitted to doubt whether some of these cases are not rather to be ex- 
plained by depositions during the glacio-aqueous period ; since clay and 
sand of great thickness were then deposited. Yet Prof.Phillips says, that in 
most of the cases under consideration, the sea shells occur beneath the 
drift. If so, must it not be quite difficult to distinguish the formation 
from the most recent tertiary ? 3. On the margin of Lubec Bay in the 
state of Maine, Dr C. T. Jackson describes a deposit of recent shells, in 
clay and mud, with the remains of balani attached to the trap rock, 26 
feet above the pressent high water mark. (First Report on the Geology 
of Mainly p. 18.) 4. A remarkable case of subsidence seems pretty well 
established as having occurred cm the coast of Greenland for a distance 
of 600 miles north and south. (LyelVs Prin. Geol. Vol. 1. p. 446.) 
5. The history of submarine forests furnishes another example of sub- 
sidence. But this phenomenon deserves a fuller description. 

Submarine Forests. 

Descr, On the shores of Great Britian, yrance, and the 
United States, usually a few feet beneath low water mark, there 
occur trees, stumps, and peat, seeming to be ancient swamps, 
which have subsided beneath the waters, sometimes to the 
depth of 10 feet. In many cases the stumps appear to stand in 
the spots where they originally grew ; yet it requires ereat care 
to ascertain this fact. For localities^ see De La Beckers Man^ 
ualj p. 151. LyelPs Prin. Geol Vol. I - p. 2b0 and Vol.2, 
p. 140. Final Report on the Geology cf Massachusetts^ p. 307, 

Origin of Submarine Forests. It is probable that this phe- 
nomenon results from several causes- 1. When the barrier be- 
tween a peat swamp and the sea is broken through, so that the 
water may be drained off, a subsidence of several feet may take 
place in the soft spongy matter of the swamp, sufficient to" bring 
it under water. 2. From a case which I have described on 
Hogg Island, in Casco Bay. (Boston Journal of Natural Hist' 
oryy Vol. 1. p. 338.) I have inferred that some submarine 
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forests may have been produced by the gradual removal of the 
contents of a peat swamp, by the retiring tide, after the barrier 
between it and the ocean has been removed so as to form a 
slight slope into the sea. At the spot referred to, the process 
may be seen partly completed. 3. But probably most subma- 
rine forests were produced by earthquakes, or other causes of 
subsidence, which we find to have operated on the earth^s 
surface : and the explanation of which will be better understood 
after the statement of more facts relating to igneous agency. 

Thermal Springs. 

Descr. Hot Springs are very common in the vicinity of 
volcanos : such as the well known Geysers in Iceland. Some 
of these are intermittent, probably in consequence of the agen- 
cy of steam within subterranean cavities. The Great Geyser 
consists of a basin 56 by 46 feet in diameter ; at the bottom of 
which is a well 10 feet in diameter and 78 feet deep. Usually 
the basin is filled with water in a state of eballition : but occa- 
sionally an eruption takes place, by which the water is thrown 
up from 100 to 200 feet, until it is all expelled from the well, 
and there follows a column of steam with amazing force and a 
deafening explosion, by which the eruption is terminated. 
These waters hold silica in solution ; as do those of the Azore 
Islands ; and extensive deposits are the result. The coating 
over of vegetables by this siliceous matter, has given rise to 
the common opinion that certain rivers and lakes possess the 
power of rapid petrifaction. 

Descr. Thermal springs are not confined to the vicinity of 
volcanos. They occur in every part of the globe ; and rise 
out of almost every kind of rock. They frequently contain enough 
of mineral substances to constitute them mineral waters. But 
one of their most striking properties is the evolution of gas ; 
such as carbonic acid, nitrogen, oxygen, sulphureted hydrogen, 
4rc. in a free state. 

Theory of Thermal Springs. When these springs occ.ur in 
volcanic districts, their origin is very obvious. The water 
which percolates into the crevices of the strata, becomes heat- 
ed by the volcanic furnace below, and impregnated with salts 
and gases by the sublimation of matter firom the same focus. 
Dr. Daubeny, who has devoted great attention to this subject, 
has also endeavored to show that the thermal springs not in vol- 
canic districts, in a large majority of cases, rise either from 
the vicinity of some uplifted chain of mountains, or from clefts 
and fissures caused by the disruption of the strata ; and there- 
fore, in all such cases are probably the result of deep seated 
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Tolcanic agency, which may have been long in a quiescent 
state. If this view of the subject be not absolutely proved, 
it is at least extremely probable. Report on Mineral and Ther- 
mal WaterSy by Prof. Dauheny^ 1836,^?. 62. 

Extinct Volcanos, 

Descr Many writers maintain that there is a marked dif- 
ference between the matters ejected from active and extinct vol- 
canos. It is said that the more modern lavas have a harsher 
feel, are more cellular, and more vitreous in their appearance, 
and also less felspathic than the ancient. ( Girardm^s Con- 
siderations Sur les Volcans p. 13. JJe La Becked Manual p> 
126.) But it is doubtful whether any character will satisfacto- 
rily distinguish them, except the period of their eruption. 

Descr. The extinct volcanos are of very different ages. Some 
of them were active during the tertiary period, some during the 
Glacial period*; and some since that time. The lava, espe- 
cially in the most ancient, was not always ejected from conical ele- 
vations, so as to form regular craters, but along extended fis- 
sures. In some instances, as in a mountain" called the Puy de 
Chopine in Auvergne, which stands in an ancient crater, and 
rises 2000 feet above an elevated granitic plain, itself about 2800 
feet above the sea, there is a mixture of trachyte and unaltered 
granite. 

Examples. The extinct volcanos of Auveifgne, and the south of 
France, have long excited deep interest ; and have been fully illustrated 
b^ Scrope, Bakewell, and others. Near Clermont, the landscape has 
as decidedly a volcanic aspect as in any part of the world ; of which 
Fig. 114 will convey some idea. 



Fig. 114. 




Extinct Volcanos : Auvetgne. 



2. Extinct volcanos exist also in Spain, in Portugal, in Germany, 
along the Rhine,inHungary,Styria, Transylvania, Asia Minor,Syria and 
Palestine. To the east of Smyrna in Asia Minor, is a region called the 
Burnt District (Katakekaumena of the Greeks,) because it shows such 
striking marks of extinct volcanos. In the valley of the Jordan, es- 
peciaUy around lake Tiberias, extending as far northwest as Safed, vol- 
canic rocks abound, with warm springs and occasional earthquakes. 

21 
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JMoMMiV omf Smitk*» BiUU^ RestartkeMtn JMewtim^. To/, d,/. 

313. 

Deser. That the region occupied by the Dead Sea has been some time 
or other the seat of volcanic action, can hardly be doubted. For a lake 
80 charged with saline matter as this, and producing bitumen, and hav- 
ing moreover cliffs of rock salt upon its margin, wiUi sulphur occasiom- 
ally, and being probably depressed more than 500 feet below the level 
of the Mediterranean, must be referred to such an agency. (Robinson 
and Smithy -Vol. 2. p. 221). And it has been usual to suppose that the 
five ancient cities, Sodom, Gomorrah, Admah, Zeboim, and Zoar, which 
undoubtedly occupied what is now the southern part of the Dead Sea, 
were destroyed by a volcanic eruption. There is a passage in the Book, 
of Job (Chap. 22, v. 15 to 20), which, if it refer to that catastrophe, 
lends much probability to this supposition. Dr. Henderson thus trana- 
lates the passage. 

** Hast thou observed the ancient tract 

That was trodden by wicked mortals. 

Who were arrested on a sudden ; 

Whose foundation is a molten flood ? 

Who said to God, depart from us, 

What can Shaddai do to us? 

Thoujzh he had filled their houses with wealth. 

(Far from me be the counsel of the wicked !) 

The righteous beheld and rejoiced. 

The innocent laughed them to scorn : 

Surely their substance was carried away, 

And their riches devoured by fire." 
/ 
Rem. It may still be doubted whether an eruption has taken place 
in the vicinity of the Dead Sea so recently as the time of the overthrow 
of the cities of the plain. Indeed, my own convictions axe, after read- 
ing the accounts given us by modem travellers and missionaries, es- 
pecially by Robinson and Smith, that this region is to be ranked among 
the extinct, and not among the active volcanos. Dr. Robinson states 
that the rocks which constitute the mountains around the Dead Sea, are 
limestone, and says that *^ he is not aware that the dark basaltic stones 
so frequent around the lake of Tiberias have ever been discovered in 
its vicinity,'* except a large specimen of augitic vesicular lava, found by 
Rev. Mr. Hebard, near the mouth of the Jordan. (Researcheg, fyc. Vol. 
2, p. 221.) I possess, however, a specimen of dark porous lava, present- 
ed to me by the Rev. Mr. Homes with this label : *^ from a mound onci^ 
surrounded by water on the shores of the Dead Sea." I understood 
from that ^ntleman, who, himself, picked up the specimen, that the 
mound, or niimmock, was composed of the same. It is impossible, how- 
ever, to determine from the appearance of a single specimen, whether 
it is the product of an active or an extinct volcano, or whether it may 
not belong to a still earlier period. It does prove, however, that igne- 
ous rocks have been protruded near the Dead Sea at a comparatively 
tecent epoch Ttie specimen found by Mr. Hebcurd, of whieh I possesa 
also a firagment, is more decidedly vesicular than I have ever seem 
any queenstone or basalt. 

Descr. '* Professors Michaelis and Busching suggest, that Sodom and 
Gomorrah were built upon a mine of bitumen, that lightning kindled the 
combustible mass, and that the cities sunk in the subterranean eonflagm- 
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^xm" ' (Eneyc, Rdig* KnavMigt^ Art, Dead Sea.) Messri. R<4NJi8<A 
«uid Smith have recently suggested this hypothesis anew, and more ful- 
ly illustrated it, by reference to the pitch lake of Trinidad, and the re- 
markable protrusion of an unmelted basaltic dyke in 1^0, in the island 
td Bonda. {Am. Bih, Repos. Jan. 1840, p. 24. also BiMkal Researches in 
Palestine ^. Vol. 2. p. 669. ^Sle^ Objections to this hypothesis by Dr. Lee, 
Am. Bib. Renos. April 1840, ;». 324.; The principal difficulties in the 
way of this hypothesis are, first, -to see how the bitumen, buried beneath 
a considerable thickness of soil, could have bomt rapidly enough suddenly 
to destroy the cities and their inhabitants : and secondly, to conceive c^ 
a bed of bitumen so thick, as by its combustioii to sink the surface firom 
the present high water mark to the bottom of the sea. Dr. Robinso* 
describes the hiffh water mark as seen by him ** a great distance," south 
of the margin of the Sea at that time. The sunace, therefore, must 
haye suflfered a great depression. Would it not somewhat reliere these 
difficulties to suppose Tolcanic action combined with the combustion of 
the bitumen. No geologist will doubt the correctness, of Von Buch's 
opinion, that a fault extends from the Red Sea through the valley of Az- 
abah and the Jordan to mount Lebancm; and along that fissure 
we might expect volcanic agency to be active. But it might have 
produced very striking effects without the ejection of lava. Eartlv- 
quakes sometimes cause the suriace to sink down many feet, and fiames 
have been seen to issue through the fissures which they produce. Thus 
might the siimepits (literally, welis ^asfhaltumy) have been set on fire, 
immense volumes of steam, smoke and suffocating vapors have been set 
at liberty, perhaps too, the remarkable ridges of rock salt have been pro- 
truded, and finally, b^ the subsidence of the surface after the destruc- 
tion of the cities, might the waters of the l^e have flowed over the 
spot. In a similar manner was the city of Euphemia, in Calabria, de- 
stroyed in 1638. '* After some time," says Kirchef-, *« who was near the 
spot, " the violent paroxysm (of the earthquake) ceasing, I stood up, 
and turning my eyes to look ror Euphemia, saw onty ^ nrightful black 
cloud. We waitea till it had passed away, when nothing but a dismal 
and putrid lake was to be seen, where the city once stood." Dr. Rob- 
inson has, indeed, made it almost certain that the Dead Sea existed be- 
fore the catastrophe of Sodom, and that the Jor4an, before that period, 
did not flow through £1 Ghor ai^d Arabah into the Red Sea ; but a sink- 
ing down of the surface a few feet at that time, is not inconsistent with 
these ft4:ts. But I will not enlarge further on a subject so difficult. 
Nor should I have said so much, had I not read the very accurate de- 
scriptions of that country by Messrs. Robinson and Smith. 

Descr. According to Prof. Farrot, Mount Ararat in Asia, is an extinct 
volcano. A specimen sent me by Rev. Justin Perkins from thi^t moun- 
tain is decidedly vesicular lava. 

Descr. A large proportion of the Iqfly peaks of the Andes and the moun- 
tains of Mexico belong to the class of extinct volcanos : and it is very 
probable, from the statements of Rev. Mr. Parker and others, that a vast 
region between the Rocky Mountains and the Pacific Ocean is of the 
eame character. For although he describes the prevailing rock as basalt, 
and only incidentally alludes to volcanic cones and craters, yet in per- 
sonal conversation he assures me that regular craters are not unfrequent ; 
and having shown him specimens of trachytes from the continent of Eu- 
rope, he at once identified them with rocks found associated with the 
basalt of that region. 

Descr* The size of ancient Tolcanic cones and crates was 
often very large. 
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Examples, In the middle and southern parts of France, extinct vol- 
canos cover several thousand square miles. Between Naples and Cu- 
mea, in the space of 200 square miles, according to Brieslak, are 60 cra.- 
ters ; some of them larger than Vesuvius. The city of Cumea has stood 
3000 years in a crater of one of these volcanos. Vesuvius stands in the 
midst of a vast crater, whose remains are still visible, called Somma. 
The volcanic peak of Teneriffe stands in the center of a plain, covering 
108 square miles, which is surrounded by perpendicular precipices ana 
mountains, which were probably the border of the ancient crater. Ac- 
cording to Humboldt, all the mountainous parts of Quito, embracing an 
area of 6300 square miles, may be considered as an immense volcano^ 
which nows gets vent sometimes through one, and sometimes through 
another of its elevated peaks ; but which must have been more active 
in former times, to have produced the results now witnessed. We have 
seen that the great volcano of Kirauea, on the Sandwich Islands, is sur- 
rounded by two circular walls, one 15 and the other 20 miles in circum- 
ference ; which must have marked the limits of the crater in early- 
times. 

Inf. From such fects it has been inferred by many geologists, 
(ex. gr. Poulett Scrope, Bakewell, Phillips, Brongniart, Girardin, 
&c.) that volcanic agency in early times was more powerful than 
at present ; and that it is gradually diminishing. Mr. Lyell, 
however, considers this view as entirely erroneous; and quotes 
the eruption from Skaptar Jokul, in 1783, as equalling any that 
is known to have occurred in ancient times. LyelVs Prin^ GeoL 
Vol l.p. 345, 

7%c Older Unstratified Rocks. 

Rem. So rapid has been the change of opinion respecting the origin of 
the unstratified rocks, that from an almost universal belief in their de- 
position from water, geologists are liow nearly or quite unanimous in as- 
cribing them to igneous agency. A brief summary of the arguments 
that sustain this latter opinion, will be, therefore, all that is now neces- 
sary to present. 

Prin, The different unstratified rocks appear to be the result 
of volcanic agency, exerted at different periods under different 
circumstances. 

Proof 1 . Identity of lithological characters between recent lavas 
and several varieties of unstratified rocks. The amygdaloids of 
the trap rocks often exactly resemble those vesicular lavas 
which are cooled in the open air : while the compact trap rocks 
can scarcely be distinguished ' from the compact lavas of sub- 
marine production. Some varieties of trachyte very much 
resemble granite ; and the two rocks often pass insensibly into 
each other : so that it is difficult to say whether trachyte be 
melted granite, or a portion of the materials out of which gra- 
nite was originally produced, cooled in a different manner. 

Proof 2. The insensible gradation of the different unstratified 
vocks into one another* In the same continuous mass we find 
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a gradual passage from trap into all the other unstratified rocks ; 
SO that the same general cause that produced one variety, must 
have produced the whole. It is verv rare, however, that coarse 
granite, destitute of hornblende, graduates into trap rocks of the 
same age. In general, they appear to have been formed at dif- 
ferent epochs. MacculloM 8 System of Geology^ Vol l.o. 157. 

Rem. It must not be inferred from this statement, that all the un- 
stratified rocks have resulted from the same melted mass, cooled under 
difierent circumstances : ' For the difference in their chemical com- 
position is too great to admit of such a conclusion. See Section 4, p. 78. 

Proof 3. The mode of occurrence of the unstratified in relation 
to the stratified rocks. We have seen, (Section IV.) that the 
former exist as protruding, intruding, and overlying masses, and 
occupying veins in the latter. Now these are the precise modes 
in which recent lava occurs when connected with stratified 
rocks : whereas no example can be produced in which rocks 
have been made to take these forms by aqueous agency. In- 
deed, it is difficult to conceive how this would be possible. 

Proof 4. llie columnar structure of the trap rocks. This 
structure is not uncommon in lavas. The experiment of Mr. 
Watt also, upon 700 pounds of melted basalt, which on cooling 
assumed the columnar form, as detailed in Section IV, confirms 
this view : whereas no example of such a structure from aqueous 
agency has ever been found. 

Proof 5. The crystalline structure of sotne of the umtratified 
rocks. When several substances are contained in an aqueous 
menstruum, it is difficult to make them crystalize except in suc- 
cession ; whereas in granite the different ingredients appear to 
have crystalized simultaneously. And if the materials of gra- 
ite, or of glass, be melted and slowly cooled, especially under 
pressure, most if not all the ingredients will assume more or less 
of a crystalline form at the same time. 

Proof e. The mechanical effects produced btf the unstratified 
upon the stratified rocks. In the vicinity of veins and irregular 
masses of the unstratified rocks, the stratified ones are bent and 
twisted in every conceivable manner, and sometimes broken en- 
tirely. Not unfrequently also, fragments of the stratified rocks 
are broken ofi*and entirely imbedded in the veins of the unstrati- 
fied. In almost every case an upward or a lateral force appears 
to have been exerted ; showing that the veins were filled from 
beneath. For examples. See Macculloch*s Geology of Glen T%lt 
in the geological transactions. Also his Geology of the Western 
Islands. Also Final Report on the Geology of Mass. pp. 414, 
416, 418, 464, 6fc. Fig. 1 15, shows a vein of greenstone, or in- 
durated wacke, passing through a ledge of sandstone near New 
21* 
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Haven, on the road to Middletown, the sandstone being bent up- 
braids. 

Fig. 115. 




Proof! , The chemical effects produced upon the stratified rocks 
by the contact of the unstratified. These enects are precisely the 
same as those produced by dykes of recent lava. Thus, compact 
fossiliferous limestone and chalk, "where dykes of trap rocks, 
porphyry, and granite pass through them, are changed into 
crystalline limestone: shale and sandstone are indurated and 
converted into siliceous slate or jasper ; as at Nahant, Mass. 
Newport, Rhode Island, and Rocky Hill near Hartford, Ct.: 
micaceous sandstone and other slaty rocks are changed into mica 
slate, or hornblende slate. Now these are effects that could not 
result from any other agency with which we are acquainted ex- 
cept heat. And iu respect to chalk, an experiment of Sir James 
Hall is decisive. He confined some of it in a strong iron tube, 
and subjected it to a strong heat ; which, liberating the carbonic 
Rcid, produced a powerful pressure, and the result was crystal- 
ized carbonate of lime. Bakk^pelVs Geology ^p* 146. 

Ohj> The older unstratified rocks present no example of a vol- 
canic cone or crater. 

Reply 1. They appear in general to have been produced by a 
force acting along extended fissures, and not directed to par- 
ticular foci, 2. If these cones and craters once existed, the 
powerful denuding agencies that have operated on the globe may 
Lave destroyed them. 

Prin* The greater degree of crystalization in the older un- 
stratifie^ rocks, may be explained, by supposing a more perfect 
fusion of the materials than in recent lavas, and greater slow- 
ness in cooling, under perhaps the more powerful pressure of a 
deep ocean. 
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Temperature of the Globe. 

Prin. The principal circumstaDces that determine the tem- 
perature of the globe and its atmosphere, are the following : 1. 
influence of the sun. 2. Nature of the surface. 3. Height 
above the ocean. 4. Temperature of the celestial spaces around 
the earth. 5. Temperature of the interior of the earth, inde- 
pendent of external agencies. 

1. Solar Heat, The Solar rays exert no influence as a general 
fact, at a greater depth than about 100 feet. (Baron Fourier 
mentions 130 feet as the maximum depth : Poisson fixes it at 76 
feet. Am, Jour. Science^ Fo/. 32, jp. 5, and Vol 34, p. 59.) A 
thermometer placed at that depth, remains stationary all the year. 
The diurnal effect does not extend more than 3 or 4 feet. In 
receding from the tropics, the amount of solar heat diminishes. 
During six months it continues to increase, and to .diminish the 
remaining six months. The decrease of the mean temperature 
from the equator towards the poles, is nearly in the proportion 
of the cosines of latitude. Prof. Forbes has recently made some 
observations near Edinburgh, -from which it appears that the 
oscillations of annual temperature would cease at the depth of 49 
feet in trap tufa, 62 feet in incoherent sand, and 91 feet in com- 
pact sandstone. AmericanJoumalof Science y Vol, SSyp, 109. 

Rem. Solar heat is the fundamental element on which depends the 
surface temperature of the globe and the character of the climate. 

Prin, The amount of solar heat is actually though very 
slightly diminishing in consequence of a change in the ecicen- 
tricity of the earth's orbit. The possible amount of this di- * 
minution is not known, because the limits of the eccentricity oi 
that orbit are not known. But there is no probability that the 
annual temperature ever has changed or ever will change from 
this cause, more than 3° or 4^. {Am. Jour. Sci. Vol36.p. 332.) 
Hence this cause is insufficient to account for the extra-tropicai 
heat of the present cold regions of the earth in early times. 

2. Nature of the Surface. The radiating and absorbing power 
of land is quite difierent from that of water. Ice and snow are 
still more difierent ; and the nature of the soil affects sensibly its 

Eower to imbibe or give off^ heat. Hence low islands have a 
igher temperature than larger continents in the same latitude ; 
and the ocean possesses a greater uniformity of climate than the 
land. 

Rem. On these facts Mr. Lyell has founded an hypothesis for ex- 
plaining the high temperature of the surface of the globe in northern 
latitudes in early times. He supposes that but little laiid then existed 
in the northern parts of the globe, and that this produced so great an 
elevation of temperature, above what it is at present, that tropic^ plants 
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and animals might then have inhabited regions now subjected to almost 
perpetual winter. That the quantity of dry land in the northern hemis- 

{>here during the deposition of the older fossiliferous rocks was much 
ess than at present, is very probable ; and that this would render the 
climate warmer and more uniform is made certain by comparing the 
climate of Great Britain with that of the United States. But that from 
this cause the climate of Canada, of the North West Coast of America^ 
between 60'^ and 70° of Nortl^ Latitude, and even of Greenland and 
Melville Island, where the thermometer now descends to 58® below zero, 
was so mild and uniform as to produce tropical ferns, lepidodendra, &c. 
is a position which will need strong proof; especially when we recollect 
that for several months annually they must have been most of the time 
in darkness. Those, however, who wish to see this hypothesis ably de- 
fended, may consult LydVs Prin. Geol. Vol. 1, p. 110, ^c, 

3. Height above the Ocean, The temperature of the air 
diminishes one degree (Fahr.) for 300 feet of altitude : two 
degrees for 695 feet : three degrees for 872 feet : four degrees 
for 1124 feet: five degrees for 1347 feet: and six degrees for 
1539 feet. Hence at ihe equator perpetual frost exists at the 
height of 15.000 feet, diminishing to 13.000 feet at either tropic. 
Between latitudes 40"* and 69"^^ it varies from 9000 to 4000 
feet. In almost every part of the frigid zone this line descends 
to the surface. These results, however, are greatly modified 
by several circumstances : so that in fact, the line of perpetual 
congelation is not a regular curve, but rather an irregular line 
descending and ascending. American Journal of Science^ Vol. 
33. j9. 52. Introduction a la Geographic Mathematique et Physique j 
Par. S, F, Lacroixy p, 289. 

4^^ Temperature of the Celestial Spaces around the Earth. — 
This cannot be much less than the temperature around the 
poles of the earth ; where the solar heat has scarcely no in- 
fluence. Now the lowest temperature hitherto observed on the 
globe, (at Melville Island,^ is 58° below zero : and this has 
been assumed as the temperature of the planetary spaces. 
Hence it follows that there must be a constant radiation of heat 
from the earth into space. 

5. Temperature of the interior of the Earthy Independent, 
of External Agencies* 

Prin* In descending into the Earth, beneath the point where 
it is affected by the solar heat, we find that the temperature reg- 
ularly and rapidly increases. 

Proof 1. The temperature of Springs which issue from the rocks 
inminesy as shown in the following Table. 
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634 


80.1 




18.8 


Brittany, 


do Poullauen, 


128 


53.4 


52.7 


182. 




~ do do 


246 


53.4 




351. 




do do 


459 


58.3 




82. 




do Huelffoet, 


197 


54. 


51.8 


89.5 




262 


59. 




36.4 




do do 


394 


59. 




54.7 




do do 


755 


67.5 




48.4 


Cornwall, 


Dolcoath Mine, 


1440 


82. 
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Proof. 2. Temperature of the Rock in Mines; 9m shown in 
the followipg Table. 
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2. In the Rock near its surface. 
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3. Three feet three inches within the Rock. 
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TEMPSBATUSE <V AXTEfllAir WELLS. 



In a eolSerj at Wigin, in Laacasliire, En^aad, at 1S9 feet deep, Ae 
temperature was constantly 53"* : at 450 fee^ it was 56^75 : at 750 leet 
it was 63". This would give an increase of one degree for every 48 
feet. jhn. Jour, of Science^ Vol. 34. p. 36. 

A single experiment in the deepest coal mine in Great Britain, near 
Sondpiiand, gave the following results : Depth of the place of observm- 
tion, 1584 feet : below the level of the sea, 1500 feet. Mean annual 
temperature at the surface, 47*^ : Temperature on the day of obserra- 
tion, (Nov. 15, 1834,) 49^. Do. of the air at the bottom of the pit, 
64" : close to the coal, 68*. Do. of water collected at bottom, 67* : Do. 
of salt water issuing from a h<de made the same day, 70*1 : Do. of gta 
rising through the water, 72^6 : Do. of the front of the coal, 68" : Do. 
of the same, left in a bore h<^ for a week, 71*'3. Hence, Uie heat in- 
creases at the rate of about a degree for every 60 feet. 

Proof. 3. Temperature of Artesian Welhj as shown in the 
following Table. 



LOCALITIES. 



Paris : Fountain de la Garde St. Ouen 

Do. near the Barriere de Crenelle. 
Dept. du Garde et des Pas Calais 

Fountain Artesienn^ de Marguette 

Do. d'Aire, 

Do, de St. Venant, , 
Sheemess, England, mouth of the 

Med way. 
Tours, 

A well at La Rochelle, 
Near Berlin,. Prussia at. 
Do. the same well at. 
Do. do ' at. 

Near New Brunswick, N . Jersey, at 

the depth, 
do at. 

South Hadley, Mass. 
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216 
1800 

184 
207 
328 

361 
459 
369 
675 
516 
392 

250 
394 
180 



5in 

51.1 
50.5 



50.9 
52.7 
53.4 
49.1 



46.7 



55-2 
83. 

54.5 
55.9 
57.2 

59.9 

63.5 

64.6 

67.66 

63.95 

62.82 

52. > 
54.) 

52. 



52.7 
50. 

46. 

38.3 

49. 

40.1 

42.5 

33. 

36.3 

34.7 

28.5 

72. 

34. 



Rem. 1. Near Vienna in Austria are from 40 to 50 Artesian Wells, 
whose temperature varies from 52" to 58" ; the mean temperature at the 
surface being 50** 54. At Heilbronn in Wurtemburg, five wells sunk 
from 60 to 112 feet, have a temperature of 55". 

Rem. 2. Artesian wells have lately been applied with success in Wnr- 
temburgh, to prevent frost from stopping machinery, which was moved 
by running water ; and also for warming a paper manufactory. Who 
knows but this application may prove of immense benefit to some re- 
gions of the globe ? Buckland's BridgewatBr Treatise^ Vol. I. p. 567. 

Proof 4. Thermal Springs. Vast numbers of these occur in 
regions far removed from any modern volcanic action; gene- 
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twMj upon lofty mowatain ranges ; as upon the Alps, the Pyren- 
ees, Caucasus, the Ozark mountains in this country, where are 
nearly 70, &c. Their temperature varies from about summer 
heat nearly up to that of boiling water. Nor can their origin 
be explained without supposing a deep seated source of heat in 
the earth. This argument is not indeed, as direct and conclu- 
sive as those previously mentioned, but it confirms the others. 
Proof. 5. Tlie existence of numerous deep seated volcanos. 
This argument is of the same kind as the last, and does not 
need any farther illustration here. 

Proof 6. Not one exception to this increase cf internal tern" 
peraiure hcLS ever occurred^ where the experiment has been made 
in deep excavations. 

Inf 1. The increase of temperature from the surface of 
the earth downwards, does not appear to be at the same rate in 
all countries. The mean of all the observations recorded in the 
preceding tables, which have been made in England, gives 44 
feet for a change of one degree. In some mines in France, the 
increase is much slower, and in a few it is faster. The mean is 
reckoned at about 45 feet for each degree. In Mexico, ac- 
cording to the only observation given above, it is 45.8 feet. In 
Saxony it is considerably greater, not far from 65 feet to a de- 
gree. The few observations in this country given in the pre- 
ceding table, indicates an increase of 54 feet to a degree. 

Inf 2. The average increase for all the countries where 
observations have been made, is stated by Kupffer, to be 36.81 
feet for each degree. Edinburgh Journal of Science^ Aprilj 
1832. 

Inf. 3. At this rate, and assuming the temperature of the 
sur£&ce to be 50°, a heat suffici^E^ to boil water would be reach- 
ed at the depth of 5962 feet, or a little more than a mile : a 
heat of 7000*^, sufficient to melt all known rocks, would be 
reached at 48 miles ; and at the centre of the earth, it would 
amount to 577.000"^. Oordier^s Essay an the Temperature of 
^ Interior qf the Earth. Amherst y 1828, p. 73. MogatVs 
Scientific Class Book by Prof Johnsm^ Philadelphia, 1836, Vol. 
2.p.Bll. 

Rem. It has been thought by many, and probably with rea- 
son, that the rate of increase in the subterranean heat, as de- 
duced by Kupffer, is too rapid. From careful observation 
upon the Artesian Wells of Scotland, Dr. Patterson finds the 
mean increase to be one degree for every 47 feet : and from a 
more extended comparison given in Jameson's Journal, (April to 
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July 1839,) the mean increase is one degree for 65 feet : Per- 
haps the rate of 45 feet to a degree, fixed upon hy the British 
Association, ought to be considered the best hitherto obtained. 

Inf. 4. From the preceding facts, and other collateral evi- 
dence, it has been inferred that all the interior of the earth, 
except a crust from 50 to 100 miles thick, is at present in a 
state of fusion : that originally the whole globe was melted, 
and that its present crust has been formed by the cooling of the 
surface by radiation. 

nius. Fig. 116 is intended to represent the proportion of melted and 
unmelted matter in the earth, agreably to the above inference ; and on 
the supposition that the solid crust is 100 miles thick. This is shown by 
the broad line that forms the circumference. According to the mean in- 
crease of subterranean heat stated above, this crust should be only half 
as thick. 

Fig. 116, 




Proof 1, Until some fact can be adduced showing that the 
heat of the earth ceases to increase beyond a certain depth, 
nothing but hypothesis can be adduced to prove that it does not 
go on increasing, until at least the rocks are all melted : for 
when they are brought into a fluid state, it is not difQcult to see 
how the temperature may become more equalized through the 
mass, in consequence of the motion of the fluid matter ; so 
that the temperature of the whole may not be greatly above 
that of fused rock. Now if the hypothesis of internal fluidity 
have other arguments (which follow below) in its favor, while 
no facts of importance sustain its opposite, the former should 
be adopted. 
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Proof, 2. It appears from the experiments and profound math- 
ematical reasoning of Baron Fourier, that even admitting all the 
internal parts of the earth to he in a fused state, except a crust 
of 30 or 40 miles in thickness, the effect of that internal heat 
might be insensible at the surface, on account of the extreme 
slowness with which heat passes through the oxidized crust. He 
has shown that the excess of temperature at the surface of the 
earth, in consequence of this internal heat, is not more than 
1-1 7th of a degree, (Fahr.) nor can it ever be reduced more 
than that amount by this cause. This amount of beat would not 
melt a coat of ice 10 feet thick, in less than 100 years: or about 
one inch per annum. The temperature of the surface has Bot 
diminished on this account, during the last 2000 years, more than 
the 167th part of a degree : and it would take 200.000 years for 
the present rate of increase in the temperature as we descend 
into the earth, to increase the temperature at the surface one de- 
gree : that is, supposing the internal heat to be 600 times greater 
than that of boiling water. From all which it follows, that if 
internal heat exist, it has long since ceased to have any effect 
practically upon the climate of the globe. Annals de Chimie et 
de Physique^ No. 27. American Journal of Science^ Vol. 32. p. 
1. PhilHps^s Treatise on Geology, Vol 2. p. 275. 

Remark. These results of Fourier require the application of very 
profound mathematical investigations. And it may not be amiss to 
mention, that the late lamented Dr. Bowditch informed me, that he hAd 
followed Fourier through all his intricate analyses of this subject ; and 
that the reasoning was entirely conclusive : nor did he consider his re- 
suits at all invalidated by the papers of Prof. Parrot, which he had also 
read. Those of M. Foisson, in opposition to Fourier, have appeared 
since Dr. Bowditch's death. 

Proof 3. The existence of 300 active volcanosy and many ex* 
tinct ones, whose origin is deep seated, and which are connected 
over extensive areas. If these were confined to one part of the 
globe, or if after one eruption the volcano were to remain forev- 
er quiet, we might regard the cause as local and the effect of par- 
ticular chemicdl changes at those places, aided perhaps by elec- 
tro-magnetic agencies. But if the internal parts of the earth 
are in a melted state, that is, in the state of lava ; and if this 
mass be slowly cooling, occasional eruptions of the matter 
ought to be expected to take place by existing volcanos. As- 
suming the thickness of the earth's crust to be 60 miles, the con- 
traction of this . envelope one 13000th of an inch, would force 
out matter enough to form' one of the greatest volcanic erup- 
tions on record. More probably, however, the percolations of 
water tp the heated nucleus, or other cause of disturbance, more 
frequently produces an eruption than simple contraction. 
22 
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Other Hypotheses af Volcanic Action, 

Hypothesis of the Metalloids. This hypothesis, originally 
proposed, though subsequently abandoned, by Sir Humphrey Da- 
yey, supposes the internal parts of the earth, whether hot or 
cold, fluid or solid, to be composed in part of the metallic bases 
of the alkalies and earths, which combine energetically with 
oxygen whenever they are brought into contact with water, with 
the evolution of light and heat. To these metalloids water oc- 
casionally percolates in large quantities through fissures in the 
strata, and its sudden decomposition produces an eruption. Dr. 
Daubeny, the most strenuous advocate of this theory at the pres- 
ent time, has brought forward a great number of considerations 
which render it quite probable that this cause may often be con- 
cerned in producing volcanic phenomena, even if we do not ad- 
mit that it is the sole cause. Daubeny on Volcanos^ 

Remark 1. It is interesting to notice now the hypothesis of central 
heat, or the Mechanical Theory of Cordier, as it is often called, and 
this Chemical Theory of Daubeny, apply almost equally well to the ex- 
planation of volcanic phenomena. Both agree as to the necessity of 
water being brought in contact with a heated mass in the earth Both 
explain equally well the formation of vapor, the extrication of gase^^ 
and the sublimation of sulphur, salts, &c. Both show why volcanos 
are usually in the vicinity of water ; " why their action is iiitermittent, 
and why the volcanic power appears to have decreased in energy. The 
constantly active volcanos, especially such an one as Kirauea, are more 
dimcult to explain by the chemical theory. It must also be considered 
a strong objection to this hypothesis, that silicum, the most abundant of 
an the metalloids in the earth, " is incombustible in air and in oxygen 
gas*; and may be exposed to the flame of the blowpipe without fusing, 
or undergoing any other change." (Turner's Chemistry, p. 223.) and 
that aluminium, the most abundant metal in the earth next to silicum, 
** is not oxidized by water at common temperatures : though on heating 
the water to near its boiling point, oxidation of the metal commences : — 
the oxidation however is very slight." (Turner, p. 316.) 

Remark 2. There is not necessarily any discrepancy between these 
two theories : for admitting even igtieous fluidity in the earth, the nu- 
cleus may nevertheless be metals uiicombihed. Hende dome distin- 
guished advocates for the. doctrine of central heat, have also adopted par- 
tially or wholly the other theory. Ex. gr. De la Beche, in his Theoreti 
cat Geology; and Prof essor Phillips, in his Treatise on Geology in the 
Encyclopedia Mrittanica. 

Modified Chemical Theory, Some geolbgists have called in 
the aid of electricity to assist in the decompositions and recom- 
positions that result from volcanic agency. By this means the 
temperature of the uncombined metals is raised, so as to cause 
them to become more readily oxidized. This is the view advanc- 
ed by Mr. Lyell. {Principles of Geology ^ Vol 1, p. 440.) This 
hypothesis includes of course, as one of its elements, the earlier 
hypothesis of Lemery and others, who imputed volcanic phe- 
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nomena to the combustion of coal, bitumen, &c. and the decom- 
position of the sulphate of the metals. For an account of mt-. 
merouB modifications of opinion respecting the cause of volcatnc 
agency^ see Girardin Sur les Volcans^ p. 84. 

Proof. 4. The Spheroidal Figure of the Earth. Its form is 
precisely that which it would assume, if while in a fluid stated 
it began to rerolve on its axis with its present velocity ; and 
Uence the probability is strong that this was the origin of its 
oblateness. But if originally fluid, it must have been igneous 
fluidity : for since the solid matter of the globe is at present 50. 
000 times heavier than the water, the idea of aqueous fluidity is 
entirely out of the question. 

Other SupponHans. 1. Some maintain that the earth was created in 
its present oblate form. This is indeed possible ; because God <:ould 
have given it anj form he pleased. But there is no proof that such was 
the fact: while on the other hand, we may always assume that whenev- 
er we can see natural causes for natural phenomena; they were pro- 
duced by those causes : unless we can see some reason for special Di- 
vine interference. . 2. Sir John Herschel has suggested the possibility 
of accounting for the flattening at the poles, by causes now in action ; 
which hypothesis seems to Mr. Lyell quite reasonable : though Sir John 
does not maintain that such was actually the mode in which it took 
place. He supposes the earth to have been created a uniform sphere, 
covered by an uniform ocean : and to have commenced a rotation on its 
axis, as at present. The water of course would rush towards the equa- 
tor, leaving the polar regions dry, and very much elevated But as this 
great equatorial ocean wore down its shores, the land would gradually 
be carried towards the equator, and spread over the bottom ot the s€fa, 
and ultimately be elevated so as to form the present continents. It is 
hardly necessary to say, that the present distribution of land and watejr, 
and the form of continents, do not accord with such a mode of formation : 
and so improbable is the idea that two vast continents, around the poles, 
with a height of nearly 12 miles, have been thus worn down and car- 
ried thousands of miles towards the equator, that though theoretically 
possible, it must be regarded as practically impossible. Prof. Phillips's 
Treatise on Geology y p. 9. 

Proof 5. The tropical and ultra tropical character of organic 
remains jound in high latitudes. If the globe has passed through 
the process of refrigeration, as the hypothesis of original igne- 
ous fluidity implies, there must have been a time, before reach- 
ing its present statical condition, when the surface had the high 
temperature denoted by these remains : and that period must 
have been very remote ; since no essential change of tempera- 
ture from internal causes has taken place for thousands of years. 
A climate, also, chiefly dependent on subterranean agency, would 
be more uniform over the whole globe, than one dependent on 
solar influence ; and such appears to have been the climate of 
those remote ages. Hence we may reasonably impute that tem- 
perature to internal heat ; if some other more probable cause 
cannot be found. 
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Others Suppositiam. 1. It has already been stated, that Mr« 
Lyell has proposed an hypothesis, dependent upon the relative 
height of land in high latitudes at different periods, to explaio 
the tropical character of organic remains, without the aid of 
secular refrigeration. But that hypothesis has been already suf- 
ficiently explained. 2. Another hypothesis has been advanced 
with much, confidence by certain writers, not however practical 
geol<^ists, to the same effect. It supposes these organic remains 
to have been drifted after death from the torrid zone. But 
their great distance in general from the torrid zone, the perfect 
preservation, in many cases, of their most delicate parts, with 
other evidences of quiet inhumation near the spot where they 
lived, such as the pres^vation in several cases of the scoter 
parts of the animals, render such a supposition wholly untenable. 

Proof. C. The fact that neariy all the crust of the globe has 
heen in a melted state. As to the unstratified rocks^ there will 
scarcely be a dissenting voice among geologists, to the opinion 
that they are of igneous origin, and have been melted. As to 
the detrital, or fossiliferous rocks, also, it will be admitted by 
all, that they were originally made up of fragments derived 
firom the primary stratified or unstratified rocks ; and that con- 
sequently, so far as derived from the latter, they have been 
melted. And in regard to the primary stratified rocks, also, al- 
though there are two different theories as to the mode in which 
they nave been produced, yet both admit either of the entire 
fusion of these rocks, or of their having been so highly heated 
as to be able to assume a crystalline arrangement. Hence if 
the entire crust of the globe has befen fused, it is a fair pre- 
sumption that it was the result of the fusion of the whole 
globe. 

7. TJds theory fumishes us with the only known adequate cause 
for the elevation of mountain chains and continents. 

Other supposed causes of elevation. 

1. Earthquakes, Examples have been given in another place 
(p. 238.) of small and limited elevations of land, produced by 
earthquakes. And it has been maintained that an indefinite 
repetition of such events might elevate the highest mountains, 
if they took place on no larger scale than at present. But it 
seems to be satisfactorily proved, that some elevations at least, 
such as those producing the enormous dislocations in the north 
of England, have occurred to an extent of several thousand 
feet, by a single paroxysmal effort ; whereas the mightiest ef- 
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fects of a modern earthquake have produced elevatioDS only a 
few feet; and in most cases the uplifted surface has again sub* 
sided. Again, there is little probability that a succession of 
earthquakes should take place along the same extended line 
. through so many a^es, as would be necessary to raise some 
existing mountain chains. Earthquakes may explain some 
slight vertical movements of limited districts ; but the cause 
seems altogether inadequate to the effisct, when applied to the 
elevation of continents. 

2. Expansion of the rocks by heat Col. Totten, who is 
now at the head of the Topographical Bureau in this country, 
has made some accurate experiments on the expansion of rocks 
by heat. A block of granite, five feet long, by a change of 
temperature of 96° F. expanded 0.027792 inch: crystalline 
marble, 0.03264 inch : sandstone, 0.054914 inch. By these data 
it appears, that were the temperature of a portion of the earth's 
crust 10 miles thick, to be raised 600% it would cause the sur&ce 
to rise 200 feet. This would be a greater thickness than could 
be produced by the accumulation of detritus at the bottom of 
any ocean, whose temperature might be raised on the hypothe- 
sis of Profl Babbage. Yet a stiU greater thickness might be 
heated, provided any new and extensive foci of heat should be 
produced deep beneath the surfiatce of the globe. Still this ac* 
cession of heat would finally be dissipated by radiation ; and 
then the surface would again subside. This cause, therefore, 
though it may perhaps explain such vertical movements of par- 
ticular regions as are taking place in Scandinavia, Greenland, 
Italy, England, &c. seems inadequate to account for the per- 
manent elevation of large continents. If they had been raised 
in this manner, and the same remark applies to some extent to 
earthquakes, we should hardly expect to find several distinct 
systems of elevation on the same continent, nor so many exam- 
ples of vertical strata. Ninth Bridgewater Treatise^ by Prof. 
Babbagcyp. 193, Am. Ed. 

3. ilnequal contraction and expansion of land and water by 
cold and heat. Assuming the mean depth of the ocean to be 
10 miles, and that it had cooled from boiling heat to 40° F. its 
volume would contract about 0.042 ; while the contraction of 
the land would be only 0.00417. This would produce a sinking 
of the ocean of 697 feet. {PhilUps^s Geology y p. 277.) An in- 
crease of temperature would produce an opposite efi*ect : viz. 
the partial submersion of the land ; though it would be less 
than the desiccation, because of the greater area over which 
the water would flow. Admitting these changes of temperature 
to have taken place, and the theory of central heat supposes 

22* 



Digitized by 



Google 



258 SLEVATION BT CENTSAf i HEAT. 

the fonner, that is, the refrigeration, they could not account for 
the desiccation of the globe, because the tilted condition of the 
strata shows that the land has been raised up : whereas this theory 
implies a mere draining of the waters. 

4. A change in the poniion of the poles of the Globe, Thid 
hypothesis,-^not long since so much in vogue,-«>^would explain 
how -continents once beneath the ocean are now above it, if 
we admit the form of the earth before the change, to have 
been the same as at present : viz. an oblate spheroid. But it 
would not explain the tUted condition of the strata, nor is it 
sustained by any analogous phenomena which astronomy de- 
scribes. 

Elevation b^ Central Heat. 

First Mode* It is possible to conceive that volcanic pow^, 
acting as at present, but with vastly greater intensity, might have 
lifted up continents: for their elevation, in part at least, appears 
to have been the result of local forces acting beneath the earth's 
crust. 

Second Mode- A more probable hypothesis, suggested by 
Beaumont, imputes the present ridged and furrowed condition 
of the earth's sur&ce to a collapse of its consolidated crust upon 
its contracted interior nucleus. This may be illustrated ^ by 
Fig. 117. 

Fig. 117. 




The outer circle represents the crust of the earth, after it had be- 
come consolidated above the liquid mass within. This heated nucleus 
would go on contracting as it cooled, while the crust would remain 
nearly of the same size. At length, when it became necessary for the 



Digitized by 



Google 



ORIGIN OF PRIMARY STRATIFIED ROCKS. 259 

crust to aoQomodate itself to the nucleus, coutracted say to the inner 
circle, it coul4 do this only by falling down in some places and rising 
in others ; as is represented by the irregular line between the two cir- 
cles. Thus would the surface of the earth become plicated by the 
sinking down of some parts by their gravity, and the elevation of cor- 
respondent ridges by the lateral pressure. The principal ridges thus 
produced, must coincide very nearly with a great circle : and as the 
earth's crust made successive efforts to accommodate itself to the con- 
stantly contracting nucleus, ridges would be produced in different di- 
rections, crossing one another ; and thus the various systems of eleva- 
tion known to exist on the globe, be formed at various epochs. 

Ohjec. Such a shortening of the earth's diameter as this hypothesis 
supposes, would increase the rapidity of its rotary motion, and shorten 
the length of the day : whereas astronomy shows that for 2000 years no 
such change has taken place. Answer. 'That period is too short fairly to 
test the point ; since it requires a long time for the tension upon the 
crust of the globe to become so great as to produce a fracture ; and this 
may uot have occurred since that time. If there be any flexibility how- 
ever, in the earth's crust, gravity must produce some depression of it in 
some places, and elevation in others, before the tension is great enough 
to produce a fracture. And possibly this may be the origin of some cases 
of slight subsidence or elevation on record. 

Origin of the Primary Stratified Rocks. 

Rem. The way has not previously been prepared for a full under- 
standing of the hypotheses above alluded to, concerning the origin of 
the primary stratified rocks ; because both of these depend more or less 
upon internal heat. 

First Hypothesis* According to this hypothesis the stratified 
primary rocks are merely the mechanical or fossiliferous rocks 
altered hy heat. As these accumulated at the bottom of the 
ocean, being much poorer conductors of heat than water, they 
would confine the internal heat that was attempting to escape by 
radiation, until it became so great as to bring the matter into 
a crystalline state : but not great enough to produce entire fu- 
sion, so as ta destroy the marks of stratification. 

Arguments in favor of this Hypothesis. 

1. Numerous facts show that the molecular constitution of 
solid bodies may undergo great changes, without much change 
of the general form ; and even without any great elevation of 
temperature. Thus the heat of the sun alone, will change 
prismatic crystals of zinc into octahedrons : and the same takes 
place with sulphate of nickel. ( Connection of the Physical 
Sciences by Mrs» Somerville, p. 171.) Indeed, Dr. MaccuUoch 
says he has completely proved by experiments, that " every 
metal can completely change its crystalline arrangements while 
solid, and many of them at very low^temperatures." (System of 
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€^olegyjVoll.pA90.) Analogous changes haye taken place 
in sandstone beneath trap rocks : in trap rocks after they have 
become solid ; and in solid glass. Hence the presumption is ia 
favor of these internal changes in rocks of mechanical origin 
from internal heat. 

2. The heat requisite for the conversion of mechanical inta 
crystalline rocks, without destroying the stratified structure, may- 
have been derived either firom an internal heated nucleus in the 
earth, when the crust was thinner than at present, as it was 
during the period in which the primary strata were deposited, 
or firom local nuclei of heat, propagated upwards through detri* 
tus, according to the theory of Prof. Babbage. 

3. Geology furnishes numerous examples in which the me* 
chanical or fossiliferous rocks have been converted by heat into 
primary crystallized rocks in limited spots by the agency of 
neat. When dykes of granite, porphyry, trap rocks, or recent 
lava, pass through firagmentary deposits, for a certain distance on 
the sides of the dyke these conversions have taken place. Chalk 
and earthy limestone are in this manner in Ireland, converted 
into crystallized marble: and the same effect was produced 
upon chalk by heating it powerfully in a sealed gun barrel. 
Experimental proof has also been furnished by t^e chemist, that 
quartz rock is merely sandstone altered by heat ; as is shown 
also at Salisbury Craig, Teesdale, and Shropshire, in Great 
Britain, where sandstone and basalt come in contact. In 
Shetland, argillaceous slate, when in contact with granite, is 
changed into hornblende slate. Beneath the greenstone of Mt. 
Tom, in Massachusetts, the micaceous sandstone is so much 
changed, where the rocks come in contact, that it can hardly 
be distinguished in hand specimens from some varieties of mica 
slate. Clay slate is obviously nothing but clay that has been 
subjected to strong heat and pressure. 

4. The primary stratified rocks still retain marks of a me- 
chanical origin. The general appearance of gneiss and mica 
slate is that of fragments of crystals, more or less worn and 
rounded, and then re-cemented by. heat. But real conglome- 
rates occur which yet have all the characters of the primary 
stratified 'rocks, except perhaps gneiss. Thus, I have in my 
cabinet firom Bellingham in Massachusetts, a perfect and highly 
crystalline mica slate, which contains as perfectly rounded pebbles 
of quartz as any secondary conglomerate : also a talco-micaceous 
slate of the same character, from Rhode Island, which abounds 
in crystals of magnetic oxide of iron. These rocks are connected 
with transition slates on the one side, and with primary slates on 
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the other. I have also, perfectly distinct conglomerates of quartz 
rock, made up of rounded fragments of quartz, cemented by 
comminuted materials of the same kind. The strata of this 
rock in Berkshire County, in Massachusetts, are associated with 
gneiss and mica slate ; all of which at the spot, (in Washington,) 
stand upon their edges. 

Objections. 1. There is little probability that detritus is con-» 
veyed to the bottom of the ocean in quantities sufficient to cause 
such an accumulation of internal heat, as would convert me- 
dianical into crystalline rocks: — a degree of heat nearly equal 
to that which would melt them. True, the heat would accu* 
mulate in these deposits to a certain degree: but not 
beyond what exists in the solid crust of the earth generally ; 
and Uiis would require us to descend nearly 50 miles, before a 
temperature would be reached sufficient for the purpose. Unless^ 
therefore, this theory supposes a much higher temperature 
on the globe when this change took place, than at present, (and 
most of its advocates deny this,) the requisite heat could not 
have been obtained, especially as in many cases the primary 
rocks extend to the surface, and do not appear to have ever 
been covered with newer ones ; so that there must have been 
heat enough to produce this transformation immediately beneath 
the waters of the ocean. 

2. The difference in chemioil composition between the pri- 
mary and the newer rocks, is opposed to the idea that the for- 
mer are only modifications of the latter. For we find that some 
of the ingredients, lime and carbon for instance, are for more 
abundant in the newer than in the older rocks. This difference 
points of course to a different origin. 

3. If all the stratified primary rocks are metamorphic, we 
ought to find in them occasionally, especially in the limestones 
traces of organic remains. For examples are not uncommon, 
in which the traces of such remains are found, (of which a de- 
scription has been given in. Section V,) in calcareous rocks 
which have become perfect crystalline. limestone, as in the en- 
crinal limestone : and in other rocks which are converted into 
vesicular trap by the agency of heat. It is incredible, there- 
fore, that if the remains of animals and plants once existed in 
these rocks, as numerous as they now exist in the secondary 
rocks, they should all have vanished ; since it is certain, that 
the heat which produced the metamorphosis, was not great 
enough to obliterate the stratification. 

Second Hypothesis. This hypothesis supposes the primary 
stratified rocfcs to have been formed, partly in a mechanical, 
and partly in a chemical mode, by aqueous and igneous agency. 
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when the temperature of the crast of the glohe was yory bigh, 
and before organic beings could live upon it. 

Arguments in favor of this Hypothesis. 

1. It shows why, amid so much evidence of chemical agency, 
in the formation of the prinutry rocks, there is still so mnch 
proof of the operation of mechanical agencies. For in that 
state of the globe, when its crust had cooled only so £Gur as to 
allow water to exist upon it in a fluid state, yolcanic agency 
must have been far more active than at present : and conse- 

Suently the agitated waters must have worn away the granite at 
leir bottom extensively. But as the heated waters would con- 
tain a great deal of silica, and other ingredients which would 
readily fall down as chemical deposits, the abraded materiab 
would be consolidated before they had become entirely rounded 
into pebbles ; so that the compound might, upon the whole, be 
regarded as of chemical origin ; and yet not be destitute, as 
ffneiss and mica slate are not, of the marks of attrition. In- 
deed, it would be strange, if in some instances the attrition did 
not proceed so fiEur as to produce the materials for a perfect con- 
glomerate ; as the facts mentioned under the last hypothesis 
show was sometimes the &Lct 

2. It shows us why silicates predominated in the earlier 
periods of the globe ; and why limestone and carbon were more 
abundant at later periods. Thermal waters, it has been shown 
in another place, often contain an abundance of silica in so- 
lution ; but cold water never does. Again, by heating water to 
the boiling point, the carbonic acid is all driven off: and with 
out this acid, carbonate of lime could not be held in solution to 
much extent: and farther, hot water will dissolve much less 
quicklime than cold ; the proportion being as 778 to 1270. 
Hence the heated seas of those early times would contain and 
deposit more of silica, but less of lime, or carbonate of lime, 
than under existing circumstances. Another cause why less 
of carbonate of lime is found in the older rocks, is, that animals 
did not then exist to eliminate lime from its other combinations, 
and convert it into the carbonate. 

3. It explains the absence of organic renr.ains in the primary 
stratified rocks. It shows that the temperature was too high, 
and the surface too unstable, to allow of the existence of ani- 
mals and plants. And if they had existed in as great abun- 
dance as at present, — an assumption which is made by the pre- 
ceding hypothesis, — ^it is incredible that some traces of them 
should not remain : for if the fusion of these rocks was not so 
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entire as to obliterate all marks of mechanical agency, if, in 
fact, perfectly rounded pebbles still occur in them, there is no 
reason why the harder parts of animals should not also remain : 
We have examples where the traces of organic remains exist in 
rocks, that have been almost entirely fused: — ^at least so much 
melted, as in the case of a vegetable stem in trap, in the valley 
of the Connecticut, that it is converted into decided vesicular 
amygdaloid ; and yet its vegetable character can scarcely be 
doubted. {See a fine Specimen in Amherst College^ and another in 
the State Collection of Massachusetts^ at Boston,) We may hence 
infer, with no little confidence, that organic life did not exist on 
the globe when the primary rocks were in a course of deposition, 
and this hypothesis explains the reason. 

4. It explains too the reason why carbon is much less abun- 
dant in the older than in the newer rocks. Organic beings are 
undoubtedly the source of most of the carbon in the rocks: — and 
of course it would be found in small quantities where neither ani- 
mals nor plants existed. 

Rem. Dr. Macculloch does indeed state that he found organic remains 
(ortkocerata,) in quartz rock, connected with gneiss, in Sutherland ; but 
other distinguished geologists (Sedgwick and Murchison,) have failed 
in finding any at that spot. He thinks, also, that fragments of shells 
occur in hornblende slate in Glen Tilt {System of Geology, Vol. l.p. 418.) 
Von Dechen also mentions fossiliferous gray wacke, interstratified with 
gneiss and mica slate in Bohemia. But facts of so anomalous a character 
need still further confirmation. (PhUUps's Geology, p. 78.) 

5. It explains the imperceptible gradation of gneiss into 
granite, which we often witness. For if thick beds of gneiss 
were deposited upon the granite, under the circumstances sup- 
posed by the hypothesis, it is easy to conceive how the internal 
neat should accumulate in the maimer explained by Prof. 
Babbage, so as to melt the granitic crust anew, and to extend 
the fusion into the lower beds of the gneiss ; at least so as to 
produce an almost entire obliteration di the lines of stratifica- 
tion, and form numerous niduses of perfect granite in the gneiss. 
This hypothesis explains the passage of these two rocks into 
each other, better than the first hypothesis ; because it supposes 
a higher temperature beneath and upon the earth's crust at the 
time of the formation of the gneiss. 

Rem The most important objections to this hypothesis are embrac- 
ed in those which are urged against the doctrine of internal heat ih 
general ; and therefore, it Will be necessary to state only the latter. 

Objections to the Doctrines of Internal heat. 

ObJ. 1. It has been maintained that the high tempetature cf 
deep excavations may be explained by chemical changes going on 
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in the rocks; such as the decomposicion of iron pyrites hy min* 
eral waters, the lights employed by the workmen, the heat of 
their bodies, and especially by the condensation of air at great 
depths. 

Answer. In the experiments that have been made upon the 
temperature of mines, care has been taken to avoid all these 
sources of error except the last, (which are indeed sometimes 
very considerable,) and yet the general result is as has been 
stated ; nor is there a single example on the other side to inva* 
lidate that result. As to the condensation of air in mines, Mr. 
Fox has shown that the air which ascends from their bottom is 
much warmer than when there ; so that it carries away instead 
of producing heat. Cordier^s Essay on the Temperature of the 
Interior of the Earth, Edinburgh Journal of Science^ Aprils 
1832. 

Ohj, 2. The temperature if the Ocean. Prof. Parrot, who 
urges this objection, recapitulated the results of the most accur- 
ate observations upon the temperature of the ocean: "1. That 
the temperature diminishes as the depth increases : 2. That it 
diminishes at first rapidly, then very slowly. From the sur- 
face to the depth of 2478 feet, it diminishes more than 41° F. 
Iind from that to 5490 feet, less than 2°." American Journal of 
Science, Vol 26. j». 12.) According to De La Beche, there are 
some exceptions to these conclusions, especially in high latitudes. 
In fresh water lakes, the same observer found that the tempera- 
ture decreased till it had nearly reached 40*^ F. when it continu- 
ed nearly the same to the greatest measured depths. {Manual of 
Geology, p. 20.) Facts of this sort Prof. Parrot considers as 
directly at variance with the idea of internal heat. 

Answer. Taking the conclusions of Prof. Parrot as true, 
they are just what we might expect would be the temperature 
of the ocean,' whether the earth had internal heat or not. For 
it appears that the strata of water arrange themselves according 
to their specific gravities. The warmest particles being the 
lightest, of course rise to the top ; and the coldest sink to the 
bottom ; just as we find to be the case in a vessel of water that 
is being heated over a fire. But when fresh water has descend- 
ed to the temperature of 40**, F. it begins to expand, and there- 
fore water below that degree will not sink but rise. Yet exper- 
iments show that it rarely goes lower than that degree ; and 
therefore, when the water has reached it, or nearly reached it, 
we might expect that the temperature at greater depths would be 
nearly the same. Salt water continues to contract until it reach- 
es the freezing point, which varies from 32° to 4**, according to 
tiie anEK)unt of salt which it contains. Hence we might expect 
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that the temperature of the sea, except perhaps in yery cold 
latitudes, would decrease downwards until it reached a tempera* 
ture below which it rarely descends ; after which we should ex- 
pect a uniform temperature to the greatest depths. A few obser- 
vations, indeed, are on record, which can hardly be reconciled to 
the general principle that waters of lakes and oceans arrange 
themselves according to their specific gravities : yet such cases 
probably result from local causes of variation. Upon the whole 
it seems that the facts in respect to the ocean's temperature, neith- 
er prove nor disprove the doctrine of internal heat. 

Remark, Some have supposed, that since the ocean has a depth of sev- 
eral miles, the water at its bottom ought to be ift- a state of ebullition, if 
the doctrine of internal heat be true. But there is no reason to suppose 
the earth's crust to be thinner there than on the dry land ; and hence no 
more heat will escape into the waters by radiating from the earth, than 
escapes into the air ; which, as we have seen, according to Fourier, is a 
very small quantity : not sufficient to affect the temperature of water or 
air perceptibly. 

Obj. 3. <^ If the central heat were as intense as is represent- 
ed, there must be a circulation of currents^ tending to equalize 
the temperature of the resulting fluid, and the solid crust itself 
would be melted." — ^^ If the whole planet, for example, were 
composed of water covered with a spheroidal crust of ice fifty 
miles thick, and with an interior ocean having a central heat about 
200 times that of the melting point of ice, &c : — If it must be 
conceded, in this case, that the ice would soon melt, on what 
principle can it be maintained that analogous effects would not 
follow in regard to the earth under the conditions assumed in 
the theory of central heat ?" LyelPs Principles qf Geology^ 
Vol 1. p. 456, 462. 

Answer. In the first place, it is not essential to the doctrine 
of central heat, that a temperature very much exceeeding that 
requisite to melt rocks, (7000<^F.) should. exist in any part of 
the molten nucleus. It may even be admitted that the whole 
globe was cooled down very nearly to that point, before a crust 
began to form over it. For still, according to the conclusions of. 
Fourier, it would require an immense period to cool the inter- 
nal partis, so that they should lose their fluid incandescent state, 
after a crust of some 20 miles thick had been formed over them. 
In the second place, we have the case of currents of lava, which 
cool at their surface, so as to permit men to walk over them, 
while for years, and even decades of years, the lava beneath is 
in a molten state, and sometimes even in motion. And if a crust 
can thus readily be formed over lava, why might not one be 
formed over the whole globe, while its interior was in a melted 
state : and if a crust only a few feet in thickness, can so long 
23 
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preserve the internal mass of lataM an uK^uidesliCTt liett, way 
may not a cru3t upon the earth, many miles in thickness, pres^rre 
for thousands of years the nucleus of the earth in the same state i 
True, if we immerse a solid piece of metal in a melted mass o£ 
the same, tiie fragment will be melted ; became it caiunot radi^ 
ate the heat vMch passes into it : but keep one side of the frag- 
ment exposed to a cold medium, as the crust of the earth isf 
and it will require iretj much stronger heat to melt the oth^ 
side. If the crust of the globe were to be broken into fragments^ 
and these plunged into fluid matter beneath, probably ^e whole 
would soon be melted, if the internal heat be strong enoagha 
but so long as its outer sur&ce is surrounded by a medium, 
whose temperature is at least 58^ below zero, nothing but a heat 
inconceivably powerful, can make much impression on its inte- 
rior surface. In the third plate, a globe of water intensely heat- 
ed at its centre, and covered by a crust oS ice^ is not a just il- 
lustration 6f a globe of earth in a similar condition, covered Igr 
a crust of rocks and soils. For between ice and water there is 
no intermediate or semi-fluid condition. As soon as the ice 
hielts, there exists a perfect tnobility among the particles ; so 
that the hottest, because the lightest, would always be kept in 
contact with the surrounding crust of ice, and melt it continual- 
ly more and more : especially as ice, being a perfect non-conduc- 
tor of heat, would not permit any of it to pass through, and by 
radtation prevent the melting. On the other hand, between solid 
rock and perfectly fluid lava, there is ev«ry conceivable degree 
of spissitude ; and of course ev^y degree of molHlity amotig 
the particles. Hence they could not in that semi^uid stratum, 
Arrange themselves in the order of their specific gravities ; and 
therefore, the layer of greatest heat would not be in contact with 
the unmelted solid rock. True, the heat would be diffused obt^ 
wards, but so long as the hardened crust could radii^e the excess 
of temperature, the melting would not advance in that diree4$<M^. 
This would take place only when the heat was so excessive, 
that the envelope could not throw it off* into spacoi 

Ohj. 4. It is hiaintained, that if the earth Wi^ originid^- 
ly in a fluid or gaseous state, and subsequently oondttnii^ the 
solidification would commenc^i at Hie centre and proceed outwards. 
The solidifiication of a nucleus at the <;entre by pressure, would 
throw out much heat, by which a layer around the nucleus 
Vrould be ex^nded, so as to become lifter, and to cause heavi- 
er particles to takie its place. These would at length hecome 
solidified, and thus would this process ^adually advance to- 
wards the circumference of the globe, until the whole was con- 
verted into a solid mass. This is the view oi M. Poisson. 8e$ 
Am, Journal qf Science^ Vol 34, jp. 6L 
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Answer, If it be admitted that the order of solidification in a 
globe condensing from a fluid or a gaseous state, would be from 
the center to the circumference, while that globe was surround- 
ed by a medium of yery high temperature, yet if the tempera- 
ture were such as actually surrounds the earth, radiation must 
produce a crust over the surface ; and when once a solid crust 
was formed, then the conclusions of Baron Fourier, already ex- 
plained, would follow. Even though enormous pressure might 
make the central parts more dense than the crust, still ^is 
would so confine the heat that a high temperature might exist 
in the interior. In every case in which experiments have been 
made upon the cooling of intensely heated bodies, a crust forms 
over the surface, which much retards the refrigeration of the 
central parts. All known analogies, therefore, are opposed to 
this hypothesis. 

Remark, M. Poisson resorts to a s^ost extraordimary eupposition to ex- 
plain the observed inerease of temperature as we descend into the eartlu 
He assumes as true, the suggestion of the elder Herschel, that the solar 
system is in motion through space, and that the temperature of this 
space is so different in different parts, as to heat the earth to a great 
depth at one time, and then, while passing through the frigid regions, it 
is gradually giving off its heat. It is hardly necessary to say, that such 
a movement of the solar system as is here supposed has scarcely noth- 
ing but conjecture to prove it. But if it be admitted, we cannot imag- 
ine what evidence there is, that different portions of the space passed 
over should have more than a very slight difference of temperature. 
This is, therefore, an hypothesis based upon hypothesis* 

Hypotketicai^aiecf the Ghhe in the carUeH Tltmet. 

Remark. The theory of central heat, as already explained, extends no 
ftrther back in the world's history than to the time when the globe was 
in a state of fusion from heat : and the chemical theory, which ascribes 
subterranean heat to the oxidation of a metallic nucleus, does not ne- 
eessarily describe the state of things in the beginning. But ^he mind 
na/tttraUy inquires, wfaichever of these theories is adopted, what was 
the state of things at the ppmmenoemeat, or at the earliest period of 
which we can obtain any glimpses. To gratify this curiosity the two 
following hypotheses have oeen suggested. It ought, however, to be re- 
inarked that though they be entirely groundless, the theories of central 
lieat and of the oxidation of a metallic nucleus, may iMvertheless be true* 

First Hyp&thesis, This is advanced by the advocates of (angi- 
nal igneous iuidity, and supposes that previot» to that time^ the 
matter of the globe had been in a state so intensely heated, as to 
be entirely disstpated, or converted iato vapor and gas. As tha 
heat was gradually radiated into spaxse, comdettsation would take 
place : and this process would evolve a vast amount of heat, by 
which the materials would be k^ in a nwlten Btate, imtil at 
length a solid crust would be formed as already explained. 
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Arguments in favor qftkis HypothesiB. 

1. The nature of comets shows that worlds may be in a gaseous state. 
These bodies appear to have " no more solidity or coherence than m 
cloud of dust, or a wreath of smoke," — '* through which the stars are 
risible with no perceptible diminution of their brightness." (JVhetoelVs 
Bridgewater Trf.ati9e^ p. 152, 153.^ Sometimes however, they appear 
more dense towards their centre, and well defined circular nuclei have 
been seen in a few. It has been thought, also, that some of them be- 
come more dense at their successive returns. Dr. HerscheL regards 
them as all self luminous. Now in such facts do we not see a striking 
resemblance to the early condition of our globe, according to this hy- 
pothesis—to its condition before it had become so much condensed as to 
be a fluid incandescent mass. 

2. The nebulsp appear to be similar in composition to comets : though 
not yet actually converted into comets. They prove that a vast amount 
of the matter of the universe actually exists in the state of vapor. 

3. The sun, and probably the fixed stars, appear to be examples of 
immense globes so far condensed as to be in a fluid state by intense 
heat. This heat, perhaps, is still powerful enough to dissipate the more 
volatile materials, which form a vast zone around tl^e sun's equator and 
produce the zodiacal light. 

4. The process of refrigeration appears to be still farther advanced 
upon the moon ', sd much so, that it has ceased to be self-luminous. 
And yet its entire surface bears the marks of volcanic desolation : so 
that it is doubtful whether even yet it is in such a condition that beings 
like man could inhabit it. BakewdVs Geology, p. 384. 

5. Some of the other planets appear to be in a transition state be- 
tween habitable and uninhabitable worlds. Thus, a remarkable nebu- 
losity surrounds the asteroid planets, Juno, Ceres, and Pallas. Jil^iter 
is not improbably covered with water ; and Saturn by a fluid lighter than 
water. 

6. All these facts render it probable that other worlds are passing 
through the successive stages of refrigeration to which the hypothesis 
under consideration supposes the earth to have been subject. They a^ 
ford us some glimpses of a far reaching law of nature on this subject. 

Second Hypothesis. This hypothesis supposes the globe to 
have been created a mass of combustibles and metals uncom- 
bined : to which were suddenly added water, the atmosphere, 
chlorine^ iodine, and perhaps hydrogen. The chemical action 
that would ensue, would produce an intense ignition and com- 
bustion of the whole sur£&ce of the planet : a new and oxi- 
dized crust would be formed over it; that crust would be 
rent and dislocated, as we now find it to have been. But 
as the crust became thicker, water and other agents, which 
act energetically on the uncombined metals, would less fre- 
quently reach them ; and at length the surface would become 
habitable. Am. Jour. Science^ Vol. 14. p. 88. 

Proqf. It is not pretended that any facts directly corroborative of this 
hypothesis are known. But the facilitv with which it explains the 
changes that have taken place on the globe, is supposed to render ii 
probable. 
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Iniennty of Action in the Cau$e$ of Geological Chanje. 

First Theory. Mr. Lyell contends that the causes of geo- 
logical change now operating upon the globe, with no increase 
of intensity, that is, acting with no more energy tiian at pres- 
ent, are sufGicient to account for all the revolutions which the 
crust of the'^earth has undergone. He admits of no irregular- 
ities or catastrophes greater Uian now take place ; and supposes 
that effects which transcend any single effect of existing caus- 
es, hare been the result of repetitions, sometimes almost end- 
less, of present agencies. In other words, he supposes that 
things ha?e remained from the beginning subject to no great- 
er changes than they experience at the present time. To 
prove these positions is the great object of his able work on 
the Principles of Geology. 

Proof 1. It is agreed on all hands, that the nature of geo- 
logical causes has bee^ the same in all ages ; although even as 
late as the time of Cuvier, be says that ^' none of the agents na- 
ture now employs were sufficient for the production of her an- 
cient works.'* 

2. An indefinite repetition of an agency on a limited scale, 
can produce the same effects as a paroxysmal effort of the same 
agency, however powerful : provided the former is able to pro- 
duce any effect, as for instance, in the accumulation of detritus, 
the elevation of continents, the dislocation of strata, kc. Now 
it is unphilosopbical to call in the aid of extraordinary agency, 
when its ordinary operation is sufficient to explain the phenom- 
ena. 

3. Nearly every variety of rock found in the crust of the 
globe, has been shown to be in the course of formation by ex- 
isting aqueous and igneous agencies : and if a few have not yet 
been detected in the process of formation, it is probably because 
they are produced in places inaccessible to observation. 

Second Theory. This theory admits that no causes of geolog- 
ical change, different in their nature from those now in action, 
have ever operated on the globe : in other wo(ds, that the geo- 
logical processes now going on, are in all cases the antitypes of 
those which were formerly in operation : but it maintains that 
the existing causes operate now in n^ny cases, with less inten- 
sity than formerly. 

Proof 1. The spheroidal figure of the earth and other &cts 
already detailed, seem to render almost certain the former fluid- 
ity of the globe. Now, whether that fluidity was aqueous or 
igneous, or both in part, it is certain that the agencies which 
23* 
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produced it must have operated in earlier times with vasfly great- 
er intensity than at this day, and that their energy roost have 
been constantly decreasing from that time to the presents 
. 2, Still more direct is the evidence from the char aeter of or- 
ganic remains in high latitudes, (^ the prevalence of a tempera- 
ture in early times hotter than tropical : too warm, indeed, 
to explain by any si^posed change of levels in the dry land. 
AxA if this be admitted ^ heat must have been more powerful 
in its operation than at present ; and this would increase th# 
aqueous^ atmospheric and organic agencies of those times. 

3. No agency at present in operation, without a vast increase 
!(d energy, is adequate to the elevation, several thousand feet, 
of vast chains of mountains and continents ; such as we know 
(o have taken place in early times. A succession of eleva- 
tions by earthquakes, repeated through an indefinite number of 
ages, the vertical movements being only a few feet at each re» 
currence, is a cause inadequate to the effect, if we admit that 
earthquakes have exhibited their maximum energy within his- 
toric times. Besides, it is difficult to conceive how a conti- 
nent could be sustained several thousand feet high, unless melt- 
ed matter be forced in beneath its crust. But earthquakes, and 
even the whole amount of volcanic power, if the doctrine of 
internal heat be rejected, could not supply any such prop. If 
we could suppose a succession of earthquakes, acting for thou- 
sands or millions of years along some anticlinal axis of great 
length, we have reason to suppose from their known operation, 
that sometimes they would elevate, and sometimes sink down 
the surface ^ so that the final resultant would be probably little 
change of level, and not an elevation like the Andes or the 
Himmalayah mountains. 

4. In a majority of cases, the periods of disturbance on 
the globe a];^)ear to have been short compared with the peri- 
ods of repose that have intervened : as is obvious from the feet 
that particular formations have the same strike and dip through- 
out their whole extent : unless some portions have been acted 
upon by more than one elevatory force : and then we find a sud- 
den change of strike and dip in the formations above and below. 
Whereas, had any of the causes of elevation now in operation 
lifted up these formations by a repetition of their present com- 
paratively minute effects, there ought to be a gradual decrease in 
the dip from the bottom of the formation upwards, and no sudden 
change of dip between any two consecutive fonnations, unless 
some strata are vranting. At the periods of these elevatory 
movements, therefore^ the force must have been greater than 
any that is now exerted, to produce analc^ous efl^ts. 



Digitized by 



Google 



INTENSITY OF OXOUHOCAL AGBNCIES. 271 

5. The sudden and remarkable changes in the organic eon* 
tents <^ the strata, as we pass from one formation to anotheri 
eyen when none of the regular strata are wanting, coincides ex« 
actly with the supposition of long periods ^of repose^ succeeded 
by destructiye catastrophes. Nor is the supposition that species 
of animals and plants haye become graduidly extinct, and haye 
been replaced by new species, by a law of nature during periods 
of repose, sustained by any facts that haye occurred within the 
historic period : no example haying been discoyered of the crea* 
tion of a new species by such a law ; and not more than one or 
two (the Dodo and Apteryx) of the extinction of a species. 

6. We haye no eyidence that the most important of the older 
rocks, both stratified and linstratified, are produced by any causes 
now in operation. That they may be produced deep in the 
earth, where igneous causes are still in intense operation, is a 
plausible hypothesis, but unsustained by a single example of 
the production of mica slate, gneiss, granite, or syenite. The 
highly crystalline and in other respects peculiar character c^ 
these rooks, as well as their entire deficiency of traces of or* 
ganic existence, when they were formed, point to a state of the 
^lobe different from the present, but different only because ex- 
isting causes, especially heat^ operated then with greater energy 
than at present. 

7. Diluyial action, since the deposition of the tertiary strata, 
requires for its explanation a greater intensity of action in exist- 
ing geological agencies than is known at the present day. This 
point, howeyer, has been so fully discussed in Section VI|, that 
nothing more need be added here. 

8. Upon the whole, with the exception of diluyial action, w«re 
we to confine our attention to the tertiary and alluyial strata, 
it might be possible to explain their phenomena by existing 
causes, operating with their present intensity. But when we 
examine the secondary and primary rocks, we are forced to the 
conclusion that this hypothesis is inadequate : and that we 
must admit a far greater intensity in geological agencies in 
early times than at present. 



Character and Repletion of Metallic Veins. 

Rem. The subject of metallic veins, — one of the most difficult in 
geology, although touched upon in several places in this work, has been 
mainly deferred to this place ; because it could not be well understood 
without an acquaintance with nearly the whole of geology. 

Deicr. The metallic matter, called ore^ rarely occupies the 
whole of the yein : but is disseminated more or less abundantljT 
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through tke quartz, sulphate of baryta, wacke, granite, &c. 
which constitutes the greater part of the vein, and is called the 
aanguej matrix or veimtone. Often the ore and the gangue 
form alternating layers. Sometimes there are cavities lined 
with crystals, which cavities aie called druses, 

Descr. Metallic like other veins vary very much in width, 
both in a vertical and a horizontal direction. They are of un« 
known depth; for scarcely ever have they been exhausted 
downward. The deepest mine that has been worked, is that at 
Truttenberg in Bohemia : which has been explored to the depth 
of 3000 feet. 

Descr. In all cases metallic like other mineral veins, are filled 
with matter different from the rocks which they traverse. In some 
instances they are obviously of the same age with the contain- 
ing rock, but in a majority of cases, they are fissures that have 
been subsequently filled. * They exhibit almost every variety of 
dip and strike, and yet it has been thought that they very often 
affect an east and west direction, though frequently they rUn 
north and south and their dip usually approaches the perpen- 
dicular. These veins often ramify and diminish until they finally 
disappear. Their width is very various ; from a mere line, up 
to some hundreds of feet. The metallic veins of Cornwall vary 
from an inch to 30 feet in width. The contents are sometimes 
arranged in successive and often corresponding layers on each 
side. 

Deacr, The contents of metalliferous veins often vary in 
the.same vein, in different rocks, through which it passes, both 
perpendicularly and in the direction of the vein. Its width also 
varies in the same manner. 

Descr. Metallic veins are most numerous in primary and 
transition rooks. No vein is worked in Great Britain above 
the new red sandstone. Nor are any explored of much impor- 
tance, above the carboniferous limestone. In the Pyrenees, 
however, hematitic and spathic iron occur in transition strata, 
in the lias, and the chalk. In the Cordilleras of Chili, also 
tertiary strata, which have become crystalline by the proximity 
of granite, are traversed by true metallic veins of iron, cop- 
per, arsenic, silver, and gold, which proceed from the undc^rly- 
ing granite. 

Descr. As a ^neral fact, metallic veins are most produc* 
tive near the junction of stratified and unstratified rocks. 
Their productiveness depends also on their direction, in some 
measure : an east and west direction being regarded as the 
most fevorable in Cornwall; while the cross coursesj or 
north and south veins, are usually unproductive. 
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Fig. 118. 







Fig. 118, is a section of tin and copper 
veins near Redruth in Cornwall. They 
generally pass from the killas, or slate, into 
the granite beneath. The section reaches to 
the depth of 1200 feet. The dotted lines 
represents the tin lodes, (veins) and the con- 
tinuous lines, the copper lodes. 

Theories to explain the Repletion of 
Veins in General 
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1. Werner supposed that veins were 
fissures filled by aqueous infiltration 
from above. But it is probable that this 
hypothesis will apply to scarcely a single 
example of all the varieties of veins. 

2. Hutton supposed that veins were $\^Y^/^-^ 
filled by melted matter injected from k^ S" -^^^^:::=^ 
beneath. And the facts that have been 
detailed in this work, make it almost 
certain, that a large part of the veins, 
filled by unstratified rock, were thus 
produced. Indeed, it is often practicable 
to trace these veins to the central mass 
from which they proceeded, and to 
follow them at the other extremity, as 
they thin off and are lost. It is almost 
equally certain that many metallic veins 
were thus produced. 

3. Prof. Sedgwick supposes some 
veins to have been produced by chemical 
segregation from the rock in which they 
occur, while that was in a yielding state; 
just as the nodules of flint were segre- 
gated from chalk, or crystals of simple 
minerals from the rocks in which they 
are now found imbedded. That many 
veins were produced in this manner can 
hardly be doubted : for sometimes we 
find them passing by insensible grada- 
tion into the including rock, and thus 
showing that they are of contemporaneous origin, with the 
rock) while both were in a fluid state. In such cases chemical 
segregation is the only known principle by which the veins could 
have been formed. 
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4. Mr. Fox and M. Becqaerel refer the origin of many me- 
tallic veins to electro-chemical agencies which are operating at 
the present day, to transfer the contents of veins even from the 
solid rocks, in which they are disseminated, into fissures in the 
same. The former of these gentleman has shown conclusively, 
that the materials of metallic veins, arranged as they are in the 
earth, are capable of exerting a feeble electro-magnetic in- 
fluence : that is, they constitute galvanic circuits, whereby nu- 
merous decompositions, and recompositions, and a transfer of 
elements to a considerable distance, may be effected. He was 
induced to commence experiments on this subject, by the analo- 
gy which he perceived between the arrangements of mineral 
veins and voltaic combinations. And he thinks if such an 
agency be admitted in the earth, it shows why metallic veins, 
having a nearly east and west direction, are richer in ore than 
others; since electro-magnetic currents would more readily 
pass in an east and west than in a north and south direction, in 
consequence of the magnetism of the earth. M. Becquerel has 
shown, that even insoluble metallic compounds may be jMro- 
duced by the slow and long continued reaction and transfer- 
ence of the elements of soluble compounds by galvanic action. 
He has also made an important practical application of these 
principles, which is said to be in successful operation in France : 
whereby the ores of silver, lead and copper, are reduced with- 
out the use of mercury. {Buckland*s Bridgwater TreeUise^ 
2rf. Edition, p. 652, and 615, Vol. 1. and p. 108, Vo!. 2.) This 
ingenious theory bids Mr to solve many perplexing enigmas 
relating to metallic veins ; and to prove that some of them may 
even now be in a course of formation. 

6. M. Neckar and Dr. Buckland suggest, that some mineral 
veins may have been filled by the sublimation of their contents 
into fissures and cavities of the superincumbent rocks, by means 
of intensely heated mineral matter beneath. Thus, it has been 
shown that by heating galena in a tube, and causing its vapor 
to unite with that of water, a new deposition of that mineral 
was produced in the upper part of the tube ; and in a similar 
manner boracic acid, which by itself does not sublime, may be 
carried upwards and deposited anew. Buckland^s Bridgwater 
Treatise, Fb/.1,». 551. Phillips^s Geology, jf- 273. 

Conclusion. Probably it will be necessary to call in the aid of nearly 
all the preceding hypotheses to explain the complicated phenomena <x 
mineral veins. 

For accurate accounts of this difficult subject see PhiUips's Treatise on ' 
Geology, Vol. 2. Chapter VIII. Also^ De La Beche's Geological Report 
•^n Cornwall and Devon, Chapter X, 
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SECTION IX. 

CONNECTION BETWEEN 6E0L06T AND NATURAL AND REVEALED 
RELIGION. 

1. lUustratians of Natural ReKgionjrom Geology, 

jRem. The bearihg of geology upon religion, has always excited a 
-^ood deal of interest and of discussion : and being in some respects pe- 
culiar and important, a treatise on geology, which otnits t^is subject, 
must be considered as deficient. 

Prin. Geology shows us that the existing system of things 
upon the globe had a beginning. 

Proof 1. Existing continents have been raised from the hot* 
torn of the sea, where most of their surface was formed by de- 
positions. 2. With a few exceptions, the existing races of ani- 
mals and plants must have been created since the dieposition of 
all the rocks except the diluvial ; since their remains do not 
occur in the older rocks. Hence it appears that not only the 
present races of organic beings, but Uie land which they inhab* 
it, are of comparatively mod^n production. 

Inf, 1. Hi6nce it Is inferred that the existing races of animals 
and plants must have resulted from the creative energy of the 
Supreme Being : for even if we admit that existing continents 
might have been brought into their present state by natural 
causes, ^ creation of an almost entirely new system of organiQ 
l>eiQg8, could haVe resulted only from an exertion of an infiniiely 
wise and powerful Being. Indeed, the bestowment of life must 
be regarded as ihe highest act of omtkipotenee. 

Ivf. 2, Hence the doctrine which maintams that the operas 
tiona of nature have proceeded eternally as they no% do, and 
that it is unneci^ssary to caH in th^ agency of the Deity to ex- 
plain natural phenomena, is shown to be erroneous. 

Ihf d. The preceding inferences being admitted^ Natural 
Theology need not labor to disprove the eternity of matter ; 
since its eternal duration might be admitted, withqut affecting 
)siny important doctrine. See Chalmers Works, Vol. 1, on 
Natural Theology ; where this subject is admirably treated. 

Prin. Severaldifferent systems of organic life have appear^* 
ed on the globe, adapted to its varying conditions, as to 
temperature, moisture, food, and other circumstances. In the 
opinion of many geologists, also, numerous changes took place 
on the globe previous to the creation of animals and plants ; all 
of which tended to prepare it for their dwelling place. 

Jflf. 1* Hence it appears that the Deity has always exercised 
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over the globe a superintending Providence ; and whenever it 
was necessary, has interfered with the regular sequence of 
events. 

hij' 2' A presumption is also hence obtained, that the matter 
of the globe had a beginning : or at least, all presumption 
against its creation out of nothing, is taken away. For there 
must have been a commencement to a series of changes in 
which there is continued improvement, (such as the globe has 
actually experienced ;) and it is a priori as probable, that at the 
beginning of these changes, matter was called into existence, 
as that at successive periods new races of animals and plants 
were created. 

Prin In all the conditions of the globe from the earliest 
times, and in the structure of all the organic beings that have 
successively peopled it, we find the same marks of wise and 
benevolent adaptation, as in existing races ; and a perfect unity 
of design extending through every period of the world's his- 
tory. 

Proof 1. The anatomical structure of animals and plants 
was very different at different epochs : but in all cases the 
change was fitted to adapt the species more perfectly to its pe- 
culiar condition. 2. To communicate the greatest aggregate 
amount of happiness, is a leading object in the arrangements of 
the present system of nature : and it is clear from geolo^, that 
this was the leading object in all previous systems. 3. The ex- 
istence of carnivorous races among existing tribes of animals 
tends to increase the aggregate of enjoyment, first, by the hap- 
pineiss which those races themselves enjoy ; secondly, by the 
great reduction of the suffering which disease and 'gradual de- 
cay would produce^ were they not prevented by sudden death : 
and thirdly, by preventing any of the races firom such an exces- 
sive multiplication as would exhaust their supply of food, and 
thus produce great suffering. Now we find that carnivorous 
races always existed on the globe ; showing a perfect unity of 
design in this respect. Thus when the chambered shells, so 
abundant in the secondary rocks, and which were carnivorous, 
became extinct at the commencement of the tertiary epodi, 
numerous univalve molluscs were created, which were carnivo- 
rous : although till that time these races had been herbivo- 
rous. 

Jfif. From these statements we infer the absolute perfec- 
tion, and especially the immutable wisdom of the Divine 
character. A minute examination of the works of creation as 
they now exist, discloses the infinite perfection of its Author, 
when they were brought into existence : and geology proves 
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Him to have been unchangeably the same, through the vast pe- 
riods of past duration, which that science shows to have elaps- 
ed since the original formation of the matter of our earth. 

Rem. The whole of this subject is admirably developed in the late 
splendid Bridgewater Treatise, by Dr. Buckland. 

Prin. Geology furnishes many peculiar proofs of the bene- 
volence of tbe Deity. The following are the most striking. 

1. The formation of Soils by the decomposition of Rocks* 

Ulus. The disintegration of rocks, which we every where 
witness, strikes the mind at first as an exhibition of decay, 
indicating some defect of contrivance on the part of the 
Deity, /feat when we' find that the Soils resulting from this de- 
composition are exactly adapted to the growth of plants, and 
that these are essential to the existence of animals, we can no 
longer doubt but we have before us a bright exhibition of bene- 
volent design. 

2. Tlie disturbances that have taken place in the earth'*8 

crust. 

lllus. To a person not familiar with Geology, the elevation, 
disruption, contortion, and overturnings, exhibited by the rocks, 
present a scene of confusion and chaos rather than proofs of 
benevolent design* But suppose the strata had remained hori- 
zontal, as first deposited. Nearly all the beds of valuable rocks 
and minerals must have been hidden firom human view, and ren- 
dered inaccessible. But the disturbances experienced by these 
strata have brought them within the reach of human industry. 
Design then is manifest in this apparent confusion. 

3, The fdrmationof Valleys. 

llhu. In mountainous countries thei^ have resulted mainly 
firom the elevation and dislocation of the strata. They have, 
however, been gftotly modified and rendered beautiful and 
araUe, by means of atmospheric and iaqueous agencies; and 
to these latter causes most of the valleys in level countries owe 
their origin. Now without valleys, tbe earth would be uninhab- 
itable ; because there could be no circulation of water, and 
stagnation and death would pervade all nature, even if we ad- 
mit enough of ia^uality to redeem a part of the earth from the 
oceffi^. 

24 
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4. The dtstribuHm of Water. 

Hhis, We migbt at first suppose, that in niountainons regiona, 
all the water would soon be accumulated in the valleys. Where- 
as such are the nature and situation of the soil and rocks, that 
the ridges are usually as well watered as the valleys. Thie 
alternations of pervious with impervious strata form natural re- 
servoirs of water in the earth, and those dislocations of the strata, 
termed faults, tend to render these reservoirs still more perfect, 
while the feet that springs occur in almost every part of the 
earth, show that enough communications exist to the surface 
to allow of the passage bf sufficient water for the support of 
animals ^nd vegetables. These springs, uniting into rivenr, 
find their way into the ocean ; where an equal quantity of water 
is evaporated, and brought back by clouds into the regions where 
this perpetual drain is going on. Thus a constant chrculation 
is kept up ; while the hydraulic arrangeinents of the earth's 
crust are such as to keep a constant supply in all those plates 
where it is needed. Surely here is benevolent design : aiid 
design too brought about by apparent disorder and confusion. 

5. The distribution of Metallic Ores. 

lllus. If the enrth h^s been in a state of fusion, ^?ire should 
expect that the metals, being generally heavier than dther min- 
erals, would have accumulate at the centre, and have disappear- 
ed from the earth's crust. But by means of sublimatioti, s^e- 
fation, and other agencies, enough of these metals lias bee& 
rought BO near the surfece as to beaccessible'to man. Yet they 
are not so abundant, nor so easily obtained, as not to demand 
patient industry and ingenuity, whose exercise is indispensable 
to human improvement and happiness. Again, the most impor- 
tant of these metallic ores, — iron, lead, copper, &c. are most 
id)undantly distributed and most easily obtained. 

6. Olado-aqueous Agency. 

lUus. The effect ot those poVerful agencies, until recently re- 
garded as exclusively diluvial, that have swept over large por- 
tions of the earth's surface in past times, has been to wear 
down its more rocky and salient parts, to convert steep escarp- 
mebts into gentle slopes, and to increase the quantity of soil, and 
spread it more extensively over the surface. Hence, though at 
first a desolating agency, its ultimate effect is most saluti^. 
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7. Volcamc Agency. 

nivLS. It operates, in the first place, as a safefy valye, to 
prevent those vast accumulations of heat which exist in the earth, 
from rending whole coptinents in pieces : in the second place, it 
aids in raising continents from the ocean and in the formation of 
valleys. 

Otjeciion^ Why should not a Benevolent Being, who is omnipo* 
tent, secure to his creatures the benefits which result from vol- 
canic agency, without the attendant evils, such as the destruction 
of property and life ? 

Ansvoer. This is a question that meets the student of natur- 
al theology at almost every step of his progress : for we find al- 
most universally, that evils are incident to operations whose 
natural tendency and general effect are beneficial. Probably it 
is so, because a greater amount of good can thereby be secured 
in the end. But the existence of evil is one of those difficult 
subjects, whose complete elucidation ought not to be expected in 
this world. 

8. The accmiulation of extensive deposits of coaly rock salt, 
gypsum, marbky and other valuable mnerals, for the use of 
man, during the long periods that preceded hk ejmtence' 

Ilkts* While the earth was in a state unfit for the animals and 
plants now existing upon it, it was covered with a gigantic vege- 
tation, whose relics became entombed^ and were gradually con* 
yerted into those beds of coal, which are now in the course of 
disinterment, and which are so important to human improve- 
ment and happiness. Then also, rock salt, gypsum, and marble, 
were slowly preparing for the service of beings to be created 
centuries afterwards. Can there be a doubt but this is abeauti«> 
iul example of the ^ospective benevolence of the Deity } 

%. The adaptation of the natures of different groups of ani- 
mals to the varying condition of the globe. 

Ulus. The Deity intended the world ultimately to become the 
feaidenee of intellectual and moral beings : but for wise reasons 
he choflie to bring it by slow processes of change into a 
fit condition for their residence. Yet his overflowing benevo- 
lence prompted Him to people the world, during this transition 
8tate> with animals whose natures were perfectly adapted to its 
^hdition. And as often as that condition changed, did he 
^hange its inhabitants and their constitution. He might have 
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left it desolate daring these mighty periods of preparation. But 
infinite benevolence would not permit. 

Prin. Geology enlarges our conceptions of the plans of the 
Deity. 

Example* 1. The prevailing opinion, until recentiy, limits 
the duration of the globe to man's brief existence, which ex- 
tends backward and forward only a few thousand years. But 
geology teaches us that this is only one of the units of a long 
series in its history. It developes a plan of the Deity respect* 
rag its preparation and use, grand in its outlines, and beautiful m 
its execution ; reaching f^ back into past eternity, and looking 
forwards, perhaps indefinitely, into the future. 

2. Each successive change in the condition of the earth thus 
far, appears to have been an improved condition : that is, bet* 
ter adapted for natures more and more perfect and complicated. 
In its earliest habitable state, its soil must have been scanty and 
8terile,and almost destitute of calcareous matter ,except in the state 
of silicates, which plants decompose with difficulty. The sur- 
&ce also, wa& but little elevated above the waters: and of 
course the atmosphere must have been very damp ; though the 
temperature was very high. Every subsequent change appears 
to have increased the quantity and fertility of the soil, the 
amount of the salts of lime and geine, and the drytiess of the 
atmosphere. Should another change occur, similar to those 
through which it has already passed, we might expect the con- 
tinents to be more fertile and capable of supporting a denser 
population. 

3. It appears that one. of the grand means by which the plans 
of the Deity in respect to the material world are accomplished, 
is constant change ; partly mechanical, but chiefly chemical. 
In every part of our globe, on its surface, in its crust, and we 
hare reason to suppose, even in its deep interior, these changes 
aie inconstant progress: and were they not, universal stagna- 
tion and death would be the result. We have reason to suspect 
also, that changes analogous to those which the earth h^ under- 
gone, or is now undergoing, are taking place in other worlds ; 
m the comets, the sun, the fixed stars, and the planets. In 
short, geology has given us a glimpse of a great principle of tn- 
stabiHtyy by which the stability of the universe is secured ; and 
at the same time, all those movements and revolutions in the 
forms of matter essential to the existence of organic nature, are 
produced. Formerly the examples of decay so common every- 
where, were regarded as defects in nature: but they now appear 
to be an indication of wise and benevolent design : — a part oi 
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the vaat plans of the D^ty for securing the stability and bap« 
pioess of the universe. 

2. Connection of Geology with Revealed ReUgion. 

Prin. Revelation does not attempt to give instruction in the 
principles of science : nor does it use the precise and accu- 
rate language of science : but the more indefinite language of com- 
mon life, r^or does science attempt to teach the pecuuar truths 
contained in jrevelation. 

Inf. 1. Hence it is only where revelation incidentally touches 
upon the same points as science, that the two subjects can be 
brought into comparison. 

Trf. 2. Hence there may be apparent discrepancy between 
the two subjects, when there is real agreement, on account of a 
difference in the language employed : ex. gr. : the Bible appa- 
rently contradicts astronomy, when it asserts that the earth is 
immoveable, and that the sun rises and 'sets : but that here is 
no real disagreement, is too obvious to require proof. 

In/, 3. Hence it is reasonable to expect, only that the prin- 
ciples of science, rightly understood, should not contradict the 
statements of revelation, rightly interpreted. Unexpected co^ 
incidences, however, may occur between the two subjects ; and 
these will tend to strengthen our belief in the truth of both* 

Inf, 4. Hence the points of apparent discrepancy ought to 
be more numerous than the points of agreement between sci- 
ence and revelation, in order to prove a real contradiction be- 
tween them : for it is as difficult to explain an apparent agree- 
ment, where there is real discrepancy, as the reverse. 

Points of Coincidence between Geology and Revelation. 

1. They agree in representing our present continents as for- 
merly covered by the ocean. 

Prorf. That they were thus submerged, is one of the best 
settled principles d* geology ; and that revelation teaches the 
same, appears from Genesis, 1 : 1 , 9. 

2. They agree as to the agents employed to produce geologi- 
cal changes on the globe : viz. wat^ and heat. 

Prorf. Water is the only agent directly named in Genesis : and 
the elevation of the land is imputed directly to the exertion of 
Omnipotence. But in Paahn 104 : 3. 4 /o 7, where this opera- 
tion seems to be described, the voice of Godh thvmder^ there rep- 
resented as the agent, may reasonably be understood to refer to 
volcanic agency. This same agency is represented as having 
destroyed the cities of the plain, according to Ik. Henderson's 
24* 
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trtiis1ati<ni of Job 02 : 15 to 20. A future change in the^ 
earth, is also described as resulting from fire., 2d» Petetj 3 : lO. 
See Tumer^s Sacred Hutary of the Worldyp. 24,25. 

3. They agree in representing the work of creation as progress 
aive, after the first production of the matter of the universe. 
Genesisj First Chapter. 

4. They agree in the fact that man was among the latest of 
the animals created to inhabit the globe. 

Rem. This is a very important point. For had the remains of man 
been found among the earliest organic relics, while the Bible represents 
him as the last animal created, it would have been difficult to see how the 
two records could be reconciled. 

5. They agree in the fact, that the epoch when the existing 
races of animals and plants were placed upon the globe, was 
comparatively recent. 

Proof, According to revelation, this epoch could not have 
been more than 6000 years ago : and although we cannot as 
yet connect geological and chronological time, there are facts 
which prove that the commencement of the present order of 
things, and of the existing races of animals and plants, cannot 
have been very remote. Their remains occur only in allu- 
vial deposits. Now the quantity of alluvium at the naouths 
of rivers, although often advancing rapidly, is yet comparatively 
limited. The accumulation of fragments at the base of steep 
rocky precipices, is still in most cases going on ; as is also the 
formation of peat. But had these processes commenced at an 
immeasurably remote period, they ought ere this to be com- 
pleted. Wide oceans ought to be converted into alluvial plains, 
precipices should all be levelled, and peat swamps be so filled 
that the process of its formation would stop. 

6. The facts of geology render the future destruction of the 
earth by fire, a not improbable event. 

Proof Nearly all geologists admit that the earth contains 
vast reservoirs of heat ; and if these are brought into action by 
the fiat of the Almighty, the elements might be melted and the 
earth and the things tlierein be burned up. Or it is even easy to 
^nceive how this internal heat, without miraculous inter- 
ference, might, under certain circumstances, produce the same 
result. 

Supposed Discrepancy between Geology and Revelaiion. 

Descr. The supposed discrepancies between geology and 
revelation, relate first, to the age of the world, and secondly, to 
the period when death was introduced upon the globe. 

Descr. Geologists suppose that the changes which have ta- 
ken place on the globe, must have occupied immense periods 
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of Ume ; and that several succesaive systems of animals and 
l^ants inhabited the world previous to the creation of the ex- 
isting races: whereas the Mosaic account, according to the 
common interpretation, represents the matter of the globe to 
have been produced out of nothing, only a few literal days 
previous to the creation of man ; and that all the animals and 
plants that ever lived on the globe, were then brought into 
existence. 

Rem. I am not aware that this statement has ever been formally ad- 
duced by any geological writer in opposition to revelation. But geolo- 
fists having come to the conclusion that the earth, in some form, must 
ave existed more than 6000 years, some Christian writers have infer- 
red that this was opposed to the Mosaic account, and have attempted ft 
defence of revelation. And hence has resulted the prevailing opinion, 
that geologists in general have been hostile to the Bible ; — an opinion 
which 9iay be refuted by an appeal to their writings. 

Prin* In order to obviate this objection to revelation, it is 
only necessary to show, that one or more modes exist, of recon- 
ciling the apparent discrepancy, which it would be more rea- 
sonable to adopt, than to infer any real collision between the ' 
two records. Some of these modes of explanation will now be 
briefly described. 

1. Some theological (but no geological) writers maintain^ 
that the fossiliferous rocks were not the result of slow deposition 
and consolidation : but were created at once, with all their or- 
ganic contents, just as we now find them. 

Refutation. This is admitted to be possible ; because God's 
power is infinite. But our only ground for judging as to the 
cause of any natural changes, is analogy : — and this is entirely 
opposed to the idea that rocks were thus produced ; and eveiy 
example that can be quoted of rocks in a course of formation, is 
in favor of their slow formation by second causes. 

2. Some maintain that the fossiliferous rocks were deposited 
by the deluge of Noah. 

Refutation. 1. That deluge must have been for the most part 
violent and tumultuous in its action on the globe: for the 
ocean must have flowed over the land in strong currents ; and 
when it retired, urged on as it was by a wind, similar currents 
must have prevailed. But a large proportion of the rocks were 
evidently deposited in quiet waters. 2, If deposited by that 
deluge, the materials and entombed organic remains of the rocks 
ought to be confusedly mingled together ; whereas in both these 
respects they are actually arranged with great regularity into 
groups. 3. The period occupied by the Noachian deluge was 
vastly too short for the deposition of rocks twenty miles in 
thickness, and with a great number of entire and distinct changes 
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im their natare and organic contents. 4. The organic remains 
in the rocks do not correspond to the animals axid plants noirr 
living on the globe. But this deluge took place since the crea- 
tion of the present races ; and, therefore, by this hypothesis, 
they ouebt to be found in Uie rocks. Hence they were aeposited 
before &at event. • 

Rem, An apoloff j is due to the geological reader, for introducing a for- 
mal refutation of an hypothesis, which, to him, appears so entirely 
absurd. The apology consists in the fact, that many intelligent men are 
still found maintainmg this hypothesis. 

3. Some suppose the fossiliferous strata to have been de- 
posited in the interval of 1600 years between the creation of 
man and the deluge. 

ReftUatian. 1. The time since the deluge has been twice as 
long as 1600 years : but the amount of alluvium deposited has 
not been one thousandth part as sreat as the whole fossiliferous 
rocks. Hence 1600 years is vastly too short a period for their 
deposition : since no reason can be given why the process of 
their formation was essentially more rapid before than after the 
deluge. 2. By this hypothesis the sea and land must have 
changed places at the deluge ; in order to bring the fossiliferous 
rocks from the bottom of the sea. But geology renders it 
extremely probable that no interchange of this sort took place 
so recently. 3. On this hypothesis the organic remains ought 
to consist of species of the existing races, with man among the 
number: unless we suppose that several new and distinct 
creations of animals and plants have taken place on the globe 
since man was placed upon it, none of which are mentioned by 
Moses. 4. There is the strongest evidence that the primary as 
well as the fossiliferous rocks, have resulted from seconaary 
agencies : that is, they have existed in some previous form, be- 
fore assuming their present state. But these changes could not 
have taken place after the creation and multiplication of man ; 
because to take away the primary rocks is to take away all terra 
firma on which he could have subsisted. 

4. Some regard the six days of the creation, (called the (femt- 
wrgic da^) in the Mosaic account as not literal days of 24 hours, 
but peiiods of indefinite or unequal length, or as the represen- 
tatives of indefinite periods. 

Rem. Three varieties of opinion are embraced in this theory, as above 
•tated. 1. The more common supposition is, that the term day is here 
to be understood figuratively, as embracing a long period of time : a 
mode of using the term, that is frequent in all languages. 2. Some, 
as Bishop Horsely and Professor Jameson, suggest that the revolution 
of the earth on its axis was at first ** inconceivably slow," and that it 
4id not acquire its present rate till the close of the fourth day ; to that 
the first four days may have been of vast duration. (Philas^phieal Mag- 
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atine, Vol. 47. p. 243 : also V<d. 46. p. 227.) Still more reeently thitf 
theory has been ably elucidated by Dr. Keith in his Demonstration of the 
Truth of Christianity, p. 127. First American Edition, 1839. 3. Others, 
as Hensler in Germany, and Professor Bush in this country, suppose 
that each of the six demiurgic days stands as the closing day, or repre- 
sentative, of an indefinite number of days, which make up six periods of 
unknown and perhaps unequal length : during which geological proces* 
888 might have been going on. American Biblical Repository, Vol. 6. 
p. 297. Bush's Questions and notes upon the Book of Genesis, 2d Ed. 

Arguments in favor of this Theory. 

1. The word day is often used in Scripture to express a peri- 
od of indefinite length, Ex. gr. Luke 17: 24- — John 8: 66. Joh 
14: 6. &c. 2. The sun moon and stars were not cresited till thd 
fourth day ; so that the revolution of the earth on its axis in 24 
hours did not probably exist before that time ; and some other 
measure of time must have been adopted, which Moses tells us 
was light and darkness : and how often these succeeded one 
another is not revealed ; and therefore is unknown. 3. The 
seventh day, or the sabbath, has not yet terminated ; and will 
not, until God shall resume the work of creation ; that is, it will 
continue from the beginning to the destruction of the world, and 
there is no reason why we ought not to regard the other demiur- 

fic days as of at least equal length. 4. In order to reconcile the 
eclarations of Scripture with the discoveries of astronomy, it is 
necessary to depart as much from the literal meaning as this in- 
terpretation demands. 5. This interpretation corresponds remar- 
kably with the traditional cosmogonies of many heathen nations ; 
as the ancient Etruscans, and the Hindoos, who describe the 
demiurgic days as immense periods. 6. This theory is thought 
by Professor Jameson and others to develope a striking coinci- 
dence between the epochs of creation as described by Moses and 
by geologists. {BakeuoeWs Geology j p. 450.) 

Objections* 1. There is no evidenece that the word day is 
used figuratively in the first chapter of Genesis, as it is in all 
other places in scripture where it means an indefinite period, 
except perhaps Gen. 2: 4. On the contrary, the Mosaic descrip- 
tion of the creation appears to be a very simple and perfectly 
literal history, adapted to the most uncultivated minds. 2. In 
the fourth commandment (Exodus 20 : 9. 10. 11.) no one can 
doubt but the six days of labor and the Sabbath, spoken of in 
the 9th and 10th verses,are literal days. By what principle of in- 
terpreting language, can the same word in the next verse, where 
the creation is described, be understood to mean indefinite peri- 
ods? See a parallel passage. Exodus, 31: 17. 3. It seems 
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firom Genesis 2: 5, compared with Gefi. 1: 11, 12, that it had 
not rained on the earth till the third day. If the ds^ys were 
only of 24 hours, this would he very probahle, but altogether 
absurd, if they were long periods. 4. Such a meaning is forced 
and unnatural ; and therefore not to be adopted without a 
rery urgent necessity. 6. By this theory, existing species of 
animals and plants ought to be found mixed with the extinct 
species in all the fossihferous rocks : for Moses describes only 
one creation of the different races. Now the fact that they are 
not thus mixed, shows that they could not have been contempo- 
raries. If then the Mosaic account includes the fossil species, 
it does not include the living species : and if it embraces the 
latter, it cannot comprehend the former. It is hence inferred, 
that the Mosaic account embraces only existing races, and if 
this be admitted, there is no necessity of supposing the demur- 
gic days to be longer than literal ones. 6. If this theory be ad- 
mitted, instead of exhibiting coincidence between the Mosaic 
and the geological account of the epochs of creation, it pro- 
duces between them manifest discrepancy. For Moses describes 
vegetables to have been created on the third day, but animals 
not until the fifth. Hence about one third of the fossiliferous 
rocks, reckoning upwards, or those deposited during the first 
three days, ought to contain only vegetables. Whereas ani- 
mals are found as deep in the rocks as vegetables : nay, in the 
lowest group, nothing but animals has yet been found. ' 7. The 
conclusion f^om all these statements, is^^ that Moses does not 
describe the fossil but only the existing races of animals and 
plants ; and if so, there is no necessity for an extension of his 
demiurgic days into long periods, in order to reconcile his ac- 
count with Geology. 

Rem. For a fuller examination of the preceding theory, See Faber's 
Treatise on the Patriarchal, Levitical and Christian DtspenmUUma : 
De Lat'js Letters on the Physical History of the Earth : BakewM's Geo* 
logy, 2d. American Ed. p. 439 : and the American Biblical Repository fiir. 
October 1835. It ought perhaps to be remarked, that Faber, who had: 
advocated this theory with great ability, has recentiy given it up. Buck^ 
land's Bridgewater Treatise, Vol. 1 . p. 697. 2d. Ed. J837. 

5. Some suppose that the Mosaic account is a pictorial repre^ 
sentatioQ of the successive productions of the different part^. 
of creation, having^ truth for its foundation, yet not to be re- 
garded as literally and exactly true. The t^ms employed, how- 
ever, are to be understood in their literal sense. 

lUus. Conceive of six separate pictures, showing the work in 
different stages of its progress. *^ And as the performance of the paint- 
er, (says Dr. Knapp) though it must have natural truth for its founda- 
tion, must not be considered or judg^ed of as a delineation of mathe- 
mathicalor scientific accuracy, so neither most this pictorial representv 
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^on of the creation be regarded as literally and ez^tly true." Knavp'^ 
Theology, Vol. 1. p. 364. 

« Inf. Whether this interpretation of the Mosaic account 
be admissible, is a question of mere philology, and cannot be 
discussed in this place : but admitting its correctness, it affords 
n solution for the apparent discrepancy between geology and 
revelation : for when it is~ conceded that the earth may have 
existed a longer time than the usual interpretation of the Mosa- 
ic account allows, there is no reason why the time may not be 
indefinitely extended ; which is all that geology requires. 

6. The theory of interpretation which is now the most exten- 
sively adopted among geologists, supposes that Moses merely 
states that God created the world in the beginning, without fix- 
ing the date of that beginning ; and that passing in silence an 
unknown period of its history, during which the extinct animals 
lind plants found in the rocks might have lived and died, he 
describes only the present creation, which took place in six lite- 
ral days, less than ^000 years ago. 

Argumentn in fwow of this theory toith objections against it. 
■1. It is maintaitied by some able writers, such as Dathe, Doe- 
•derlin, &ic. in Germany, Milton in England, and Prof. Bush In 
-this country, that the language employed by Moses in the first 
chapter of Geneas, does not mean a creation of the world out 
of nothing; but only a renovation, or re- modelling of pre- 
viously existing materials. {Penteleuchus a Dalhioj p, 8. 
DoederUmi Theolomay p. 485. Bushes Questions and Notes 
on €knesis») Such writers of course admit the existence of 
-the globe during an indefinite period before the six demiurgic 
days. The arguments for their opinions may be found in 
their works iibqve referred to. See also American Bibli'^ 
cal Repository^ Oct. 1835, p. 280. 2. The phrase, in th£ 
kegiiMwng is certainly indefinite as to time, and therefore Moses 
in Genesis does not fix the time of the originsil creation, even if 
'We admit that he does describe that event ; and therefore, it is 
doing no violence to his language, to admit this lon^ interve- 
ning period between the creation of the universe and of man. 
-K it be said, that in the fourth commandment Motes does de- 
ckure the creation of the world out of nothing to have been con- 
temporaneous with the first demiurgic day, it may be rejplied, that 
when a writer describes an event more than once, his breifer 
description is to be explained by his more extended account : so 
that the fourth commandment is to be explained by the fuller de- 
scription in Genesis, of the same event. 3. This view of the 
first chapter in Grenests has been adopted in its essence by many 
dustinguished Christian writers, long nefbre the existence of ge- 
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ology as a science : as Ibr example, .by AugastinCy Theodoret, 
&c. in ancient times ; and by RosenmuUer senior, Bisbop Pat- 
rick, &c. in modern times. 4. If sucb an interval be admitted, 
it is sufficient entirely to reconcile tbe scriptural and geological 
accounts : because, during that period, all the fossiiiferous rocks 
except the alluvial, might have been formed. 5. Astronomy 
jshows us that probably other worlds are now undergoing slowly 
the process of preparation for habitual globes, in a manner anal- 
ogous to that which is supposed to have taken place in the ma- 
terials of the earth, anterior to the demiurgic days.; And thus 
we obtain a glimpse of a general principle in the universe. 6. 
If it be objected that according to Moses, the sun, moon and 
stars were not created till the fourth day, it may be replied that 
a more just interpretation of his language shows his meaning to 
be, not that the heavenly bodies were created on the fourth day, 
but that they were then first appointed to serve their present 
offices; and that they might have been in existence through 
countless ages. 

7. In his late able and most interesting work. On the Reh" 
iion bettveen the Holy Scriptures and some parts of Geological 
Science^ Dr. John Pye Smith, who is at the head of a Theolog- 
ical Institution at Homerton near Liondon, and who is distinguish- 
ed for his knowledge of theology, biblical philology and geology, 
has proposed such an addition to the interpretation of Genesis 
just explained, as in fact to form a new method of reoonciling 
geology and revelation. His principal positions are the follow- 
ing. 1. The first verse of Genesis describes the creation of the 
matter of the whole universe, probably in the state of mere ele- 
ments, at some indefinite epoch in past eternity. 2. The term 
earth, as used in the subsequent verses of Genesis describing the 
nvork of six days, was ^^ designed to express the part of our 
world which God was adapting for the dwelling of man and the 
animals connected with him.'' 3. The narrative of the six days 
'^vork, is ^^a description in expressions adapted to the ideas and 
capacities of mankind in the earliest ages, of a series of opera- 
tions, by which the Being of ^Omnipotent wisdom and goodness 
adjusted and finished not the earth generally, but as the particu- 
lar subject under consideration here, a portion of its surface for 
toost glorious purposes. This portion of the. earth I conceive to 
have been a large part of Asia lying between the Causican xidge, 
the Caspian Sea, and Tartary, on the north, the Persian and In- 
dian Seas on the south, and the high mountain ridges which run, 
at considerable distances, on the eastern and western flank." 
{p. 285, London Ed,) 3. " This region was first by atmospheric 
"andgeological causes of previous operation under the v^iH of the 
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Almighty, brought into a condition of superficial ruin, or some 
kind of general disorder/' Probably by volcanic agency it was 
submerged, covered with fogs and clouds, and subsequently el- 
evated and the atmosphere by the fourth day rendered pellucid. 

4. The sun, moon and stars were not created on the fourth day : 
but then ^* made, constituted, or appointed, to be luminaries.'' 

5. The Noachian deluge was limited to that part of the world 
occupied by the human race, and therefore we ought not to ex- 
pect that any traces of it on the globe can now be distinguished 
from those of previous and analogous deluges. 

Rem. It is impossible in this plat^e to present even a summary of the 
powerful reasonin^f and accurate erudition by which Dr. Smith sustains 
the above positions in his Lectures. The evidence in favor of several 
of them has already been exhibited : and I shall merely state the two 
leading principles by which he supports what is peculiar in his system. 

Proof. 1. In the descriptibn of the Divine Character and of 
natural phenomena, the sacred writers use language accommodat- 
ed to the knowledge that existed among the people whom they 
addressed, and conformed to their notions of the universe. Hence, 
when they wished to speak of the universe to the J^ws, they 
called it the heavens and the earth. But when they spoke of 
the earth only, we are not to suppose that they used the term in 
an astronomical sense, but to designate that limited pait of it 
which was inhabited. For this was all the idea which the mind 
of the Jew attached to it ; since he knew nothing of the earth 
beyond those limits. Hence the six days work of creation may 
have been limited to a small part of the earth's actual surface. 
2. This view corresponds to the fact that there appear to have 
been numerous centres of creation ; bodi of animais and plants, 
instead of one spot from which all proceeded. 3. Also withUie 
fact that a considerable' number of species of animals and plants, 
-which were created much earlier than man, as their remains in 
the tertiaiy strata show — still survive, and do not appear to have 
perished since their first creation. 4. Universal terms are often 
used (in Scripture) to signify only a very large amount in num- 
ber or quantity: as for instance, a// the earth came to Egypt 
to buy from Joseph : for the Jamine woa extreme in all the 
earth. Hence the terms descriptive of the deluge may not have 
literally embraced the whole earth ; but have included only the 
earth then inhabited. 

8. Some contend, that even if all the methods of reconciling 
the two records that have been described, should be regarded 
by any as unsatisfactory, it would be premature, in the present 
state of geology and of sacred philology, to infer any real dis- 
crepancy between them: and especially to infer that the sacred 
historian is in error. 

25 
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Proof' 1. Because the rapid progress of geological discore- 
ry, and the not unfrequent changes of opinion among geologists 
on important points, show us that possibly more light may yet 
come from that quarter. 2. Because the exegesis of the first 
chapter of Genesis cannot by any means be regarded as settled : 
in proof of which, it is only necessary to refer to the great di- 
versity of opinion, on many parts of this chapter, yet to be 
found' among very able commentators. Hence we may hope 
for new light from this quarter. 3. Other apparent discrepan- 
cies between science and revelation, even more striking than that 
above examined between geology and revelation, have disap- 
peared when the subjects were better understood. For instance, 
the doctrine introduced by the astronomers 200 years ago, that 
the earth revolves on its axis, and that the heavenly bodies do 
not actually rise and set, seemed to the most acute and learned 
theologians of those times, to be in point blank opposition to the 
Bible ; which declares, that the sun ariseth and goeth down ; 
and that God laid the foundation of the earth that it should not 
he removed forever. They also felt the earth to be at rest ; and 
saw the heavens in motion ; so that this new doctrine of the 
Coper nican system was opposed, not only to the Bible, but to the 
senses. Yet who now suspects any collision between astrono- 
my and revelation ? How premature then, to infer from a less 
striking apparent discrepancy between geology and the Bible, 
that any real opposition exists ! 

Second Supposed Discrepancy. 

Descr. The general interpretation of the Bible has been, that 
until the fall of man, death did not exist in the world even 
among the inferior animals. For the Bible asserts that by man 
came deathy (1 Cor, 15 : 21.) and by one man sin entered into the 
world and death by sin. {Rom. 6 : 12.^ But geology teaches us 
that myriads of animals lived and died before the creation of 
man. 

Solution of the difficulty. Admitting that geology does show 
that violent and painful death was in the world before the &11 
of man, the following suggestions furnish a plausible reconcilia- 
tion of the supposed difficulty. 

1. Not only geology, but zoology and comparative anatomy, 
teach us that death among the inferior animals did not result 
from the fall of man, but from the original constitution given 
them by their Creator. One large class of animals, the carni- 
vorous, have organs expressly intended for destroying other clas- 
ses for food. Nor will it avoid the difficulty to suppose, as some 
have done, (although obviously in the face of the plain mean- 
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ing of the first chapter of Genesis^) that carnivorous animals 
were not created till the time of the deluge. For other animals 
must have lived on vegetables, and in doing this, they must have 
destroyed a multitude of minute insects, of which several spe- 
cies inhabit almost every species of plant. Much more difficult 
would it have been, to avoid destroying millions of animalculai 
which abound in many of the fluids which animals drink, and 
even in the air which they breathe. Still ferther, throughout 
the whole range of organic nature, vegetable as well as animal, 
decay and dissolution are inevitable after a longer or a shorter 

f>eriod. In this respect, the human system is constituted just 
ike all other organic natures. So that death appears to be a 
universal law of organic being, as it exists on earth. Moreover, 
without miraculous interference for protection, or an , entire 
change of the present laws of nature, animals must have been 
exposed to occasional violent disorganization : as for instance, 
from the falling of heavy bodies upon them ; or from the shock 
of projectiles ; even though there were no tendency in their na- 
tures to dissolution. In short, death could not be excluded from 
the world, without an entire change in the constitution and 
course of nature ; and such a change we have no reason to sup- 

e)se, from the Mosaic account, took place when man fell. 2. 
ut God could remove any race of animals, say pian out of the 
world, and introduce them into another state, without violence, 
disease, or suffering ; and make the change, in fact, like many 
changes in life, a pleasant one ; free from those concomitants 
which now indeed constitute death. He has already removed a 
few firom the world in this manner ; as Enoch and Elijah, and 
the Bible informs us that those who remain alive at the second 
coming of Christ, will in a similar manner be translated and not 
die. (1 Cor. 15: 51, 52.) This probably would have been 
the happy lot of all mankind, if they had not sinned. That they 
could not have continued on earth indefinitely, is certain : pro* 
vided the present laws of their multiplication were not suspend- 
ed : because the world erelong would have been filled. 3. The 
threatening of death to Adam for disobedience, seems to imply a 
knowledge on his part, of what death was, that is, he had seen it 
among the inferior animals : for it would be a strange legislation, 
that imposed apenalty of which those under the law could form 
no idea. 4. The two most striking passages of scripture, re- 
specting the introduction of death into the world, have been al- 
ready quoted. In regard to that from Romans, 5 : 12, by one 
man sin entered into the world and death by sin j the conclusion of 
the sentence, — and so death passed upon all men^for that all have 
sinned^ — S^iow^ that its meaning must be limited to the human 
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race. For it says, not that death passed upon all animals, bat 
upon all men ; and because all bad sinned, an act of which the 
inferior animals, destitute o( moral natures, are not capable. In 
like manner, the passage from 1 Cor. 15: 21, Far since by 
man came deathy is limited to the human race by the concluding 
part of the verse : by man came also the resurrection of the dead. 
For the object here is to draw a contrast between Adam and 
Christ, as to their influence upon the human family. If the in- 
ferior animals are included, then they must not only share in the 
resurrection, but be interested in the redemption by Christ. 5. 
Able writers on the Bible have adopted these views in regard to 
the nature and extent of death, long before geology was known 
as a science. To quote only Jeremy Taylor. " That death/' 
says he, " which God threatened to Adam, and which passed 
upon his posterity, is not the going out of this world, but the 
manner of going. If he had stayed in innocence, he should have 
gone hence placidly and fairly, without vexations and afflictive 
circumstances, he should not have died by sickness, misfortune, 
defect, or unwillingness, but when befell he began to die, &c." 
Holy Dyingy p. 295. Amherst Ed, 1831. 

Rem. For a full and able discussion of this whole subject, see Dr. J. 
F. Smith's Lectures on Scripture and Geology, p. 96, 294, and 361. 

General Inference. It appears from the preceeding statement, 
first, that the coincidences between geology and revelation, 
upon points where we might reasonably expect collision, if both 
the records were not essentially true, are much more numerous 
than the apparent discrepancies : and, therefore, the presumption 
is, that no real disagreement exists. Secondly, it appears that 
there are several modes of reconciling the few apparent discre- 
pancies, which, on general principles, it would be far more rea- 
sonable to adopt, than to infer any real disagreement between the 
two records. And this is all that sound philosophy requires. 



SECTION X. 

THE HISTORY OP GEOLOGY. 

Prin. Geology is eminently an inductive science. Now it is 
only within the last half century, that sufficient facts had been 
collected to make any important correct inferences respecting 
the causes of geological change. Hence all the speculations of 
philosophers previous to that time, on this subject, must have 
been mere hypothesis ; sometimes indeed displaying great in- 
genuity, and approximating closely to the truth, but more com- 
monly, so extravagant as to be the butt of ridicule. 



Digitized by 



Google 



ARABIAN AND ITALIAN WRITERS. 29 3 

Prtft. Geology is likewise dependent upon an advanced and 
accurate knowledge of chemistry, botany, and zoology ; such a 
knowledge as has been attained only within the last half centu- 
ry. On this account also, all previous speculations on geology 
must have been crude and fanciful. 

Jn/'. 1. Hence the earlier hypotheses on cosmogony, which 
have been so long the subject of ridicule, ought not to be connect- 
ed with the science of geology, as they have long been, to its 
reproach. 

Inf^ 2. Hence the history of the earlier h^^otheses, usually 
called Theories of the Earth, is of little importance in its bearing 
upon the science of geology ; though highly amusing and in- 
structive, as illustrating the struggles of the human mind after 
the truth. A brief sketch only will, therefore, be here given of 
these hypotheses. 

Descr, One of the most prevalent opinions among ancient 
philosophers, and which constituted a fundamental principle in 
their cosmogonies, supposes the world to have been subject to 
successive destructions and renovations by fire and water. The 
Grecian philosophers, who derived their notions from the Egyp- 
tian, denominated those catastrophes the Caiaclysm^ or deluge ; 
and the Ecpyrosisy or destruction by fire. The interval be- 
tween these changes was variously estimated from 120.000 to 
360.000 years. 

Descr. Pythagoras entertained very accurate notions re- 
specting the operation of existing causes of geological change on 
the globe; such as the changes of sea into dry land, and the 
reverse ; the foynation of deltas and other alluvial deposits ; 
and the formation of islands by the action of oceanic currents. 
In fact, this philosopher approximated as nearly to the modern 
views of geologists on these subjects, as he did to those of mod- 
ern astronomers respecting the heavenly bodies. 

DeMcr, We find Sirabo, the geographer, explaining the man- 
ner in which fossil marine shells were brought into their 
situation upon the dry land, in a manner that would do no dis- 
credit to a modern geologist. He supposes them deposited ori- 
ginally at the bottom of the ocean, whose bed was subsequently 
elevated by earthquakes and volcanic agency. 

Descr. In modern times, after the dark ages, science began 
first to be revived among the Arabians. Even as early as the 
tenth century, some of their writers, as Avicenna and Omar, 
produced some works on mineralogy and geology, which were 
not without considerable merit. 

Descr. Among Christian nations, geological facts first be- 
gan to excite attention in Italy, in the early part of the sixteenth 
25* 
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century. Two questions were stated respecting organic re- 
mains : first, whether they ever belonged to living animals and 
plants : secondly, if the affirmative of this question be admitted, 
whether the petri^tion and situation of these, remains could be 
explained by the deluge of Noah. 

Descr. These questions occupied the learned world for 
nearly 300 years. At the commencement of the controversy in 
Italy, in 1517, Fracastoro maintained, in the true spirit of the 
geology of the present day, that fossil shells all once belonged 
to living animals, and that the Noachian deluge was too transient 
an event to explain the phenomena of their fossilization. But 
Mattioli regarded them as the result of the operation of a cer- 
tain materia pinguisy or " fatty matter," fermented by heat 
Fallopio, professor of Anatomy, supposes that they acquire 
their forms in some cases, by " the tumultuous movements of 
terrestrial exhalations ;" and that the tusks of elephants were 
mere earthy concretions. Mercati conceived that their peculiar 
configuration was derived from the influence of the heavenly 
bodies ; while Olivi regarded them as mere *' sports of nature." 
Felix Plater, Professor of Anatomy at Basil, in 1517, referred 
the bones of an elephant, found at Lucerne, to a giant at least 
19 feet high : and in England similar bones were regarded as 
those of the fallen angels ! 

Descr, At the beginning of the 18th century, numerous 
theologians in England, France, Germany and Italy, engaged 
eagerly in the controversy respecting organic remains. The 
point which they discussed with the greatest zeal, was the con- 
nection of fossils with the deluge of Noah. That these were all 
deposited by that event, was for more than a century the pre- 
vailing doctrine, which was maintained with great assurance ; 
and a denial of it regarded as nearly equivalent to a denial of 
the whole Bible. 

Descr. The question, also, whether fossils ever had an 
animated existence, was discussed in England till near the close 
of the 17th century. In 1677, Dr. Plot attributed their origin 
to "a plastic virtue latent in the earth." Scheuchzer in Italy, 
however, in ridicule of this opinion, published a work entitled, 
QuerukB Piscium ; or the Complaints of the Fishes ; in which 
those animals are made to remonstrate with great earnestness 
that they are denied an animated existence. 

Descr. Such discussions, however^ tended to lead men to 
the collection of facts ; and in 1678, we find Lester publishing 
an accurate account of British shells, to which were added the 
fossil species, under the name, however, of turbinated and 
bivalve stones. He also first proposed the construction of regu- 
lar geological maps. 
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Descr. In 1680, the distinguished mathematician Leibnitz, 
published his " Protogsea ;" in which he developed a theory 
of the formation of the earth, and of subsequent changes in its 
crust, almost exactly like that which is now so widely adopted 
among geologists under the name of the igneous theory. 

Descr. In the posthumous works of Robert Hooke, an 
English physician, published in 1668, are many views much in 
advance of his time, respecting geological changes and phe- 
nomena : especially respecting earthquakes and organic re- 
mains ; which he maintains could not have been produced by 
the Noachian deluge. 

Descr, The famous naturalist, Ray, who published in 1692, 
had similar views with Hooke : but he made improvements upon 
his predecessor ; especially in describing the effects of aqueous 
agencies in modifying the earth's surface. 

Descr. In most of the theories of the earth, however, that 
appeared in England in the latter part of the 17th and the first 
part of the 18th century, a strong determination is manifested 
to connect geology with theology. This gave rise to what has 
been called the Physico-Theological School of writers. In 1690, 
Burnet published a visionary work, entitled " The Sacred 
Theory of the Earth ; containing an account of the Original of 
the Earth, and all the general changes which it hath already 
undergone, or is to undergo, till the consummation of all 
tilings." This being written in an elegant style, attracted no 
little attention. About the same time. Woodward, a Professor 
in Medicine, published a theory of the earth, in which he main- 
tained that " the whole terrestrial globe was taken to pieces and 
dissolved at the flood, and that the strata settled down from this 
promiscuous mass, as any earthy sediment, from a fluid." In 
1724 his disciple, Hutchinson, came out with the first part of 
his " Moses's Principia ;" in which he attacked the theory of 
his master, as well as Newton's theory of gravitation : and he 
and his numerous followers maintained, that the Scriptures, 
when rightly understood, contain a perfect system of natural 
philosophy. This was the dogma which chiefly distinguished 
the Hutchinsonian, or Physico-Theological School; and its 
pernicious influence on the cause of religion and learning has 
scarcely yet ceased. 

Descr, The Italian Geologists, who were contemporaries 
of these English cosmogonists, were far more rational in their 
views. They devoted themselves with considerable success to 
an examination of geological phenomena, and rejected the vi- 
sionary notions of the English. The writings of Vallisneri, 
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Moro, Gencrelli, Donati, Targiona, &c. discover a good deal of 
industry in observation and acuteness in reasoning. 

Descr. In 1749, Buflfon, the French naturalist, produced 
an elegantly written hypothesis upon the formation of earth, 
based chiefly upon the views of Leibnitz already explained. 
Some of his views gave offence to the Faculty of Theology at 
Paris ; and he was compelled, like Galileo, to retract opiDions, 
which at this day are maintained by geologists, with no suspi- 
cion that they contradict the scriptures. 

Descr. About the middle of the 18th century, some valua- 
ble works were produced by Lehman, a German mineralogist, 
by the botanist Gesner of Zurich, and by Mitchell an English- 
man, on Earthquakes. About the same time, appeared the 
work of Catcott on the Deluge : and although of the physico- 
theological school, he gave some valuable facts relating to di- 
luvial currents. 

Descr, Numerous other writers on geology, towards the 
close of the 18th century, might be named. But Pallas and 
Saussure were the most distinguished. The former examined 
the mountains of Siberia, and pointed out the order in which 
the rocks there occur. The latter spent most of his time in 
studying the nature of the Alps, and provided valuable materi- 
als for his successors. 

Descr, In Germany, France, and Hungary, schools have 
long existed for giving instruction in the art of mining. In 
1775 Werner was appointed professor in one of these institu- 
tions, at Freyberg, in Saxony : and in his lectures he attempt- 
ed certain generalizations, in regard to the position and origin 
of rocksj that were very extensively adopted, and for a long 
time excited much controversy. He supposes that all rocks, 
the unstratified as well as the stratified, were deposited by water; 
and that originally every formation was universal on the globe : 
and that veins were filled by matter introduced from above, in 
aqueous solution. On account of his referring all deposits to 
the agency of water, his views were denominated the Neptu- 
nian Theory. 

Descr, Nearly at the same time, a Scotch geologist by the 
name of Hutton, published a Theory of the Earth, opposed in 
most respects to the doctrines of Werner. He supposes that 
the rocks which form our present continents were derived 
from the ruins of former continents; which were abraded 
and carried into the sea by the agency of running water ; just 
as the same agency is now spreading over the bottom of the 
ocean, deposits of mud, sand, and gravel. Afterwards the un- 
stratified rocks, in a melted state were protruded through these - 
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deposits, by whi^h they were consolidated, rendered more or 
less crystalline, and elevated into their present condition. 
Many of the fissures also, were filled with metallic and other 
matter, injected from beneath. When our present continents 
are nearly all worn down, Hutton supposes this process of con- 
solidation and elevation may be repeated. Indeed, in these 
changes he sees ^' no traces of -a beginning, no prospect of an 
end." Professor Play fair, however, in his illustration of this 
theory, endeavors to show that Hutton did not mean by such 
language that the world is eternal : but only that geology, 
like astronomy, does not disclose to us the time when this 
series of changes commenced. 

Descr. These rival hypotheses excited a great deal of dis- 
cussion, both on the European continent and in England, for a 
great number of years. The final result is, that the theory of 
Werner has been almost universally abandoned ; especially so 
fiir as the unstratified rocks are concerned ; while that of Hut- 
ton, denominated also the Plutonian theory, has, in its essen- 
tial principles, been adopted by most geologists of the present 
day. 

Descr, During these discussions between the Neptunists 
and the Plutonists, a humble individual in England, Mr. Wil- 
liam Smith, was accomplishnig more for geology than all its 
learned professors. He explored the whole of England on foot ; 
and in 1790, published a " Tabular View of the British Strata," 
in which he classified the secondary rocks ; and although not 
acquainted with Werner's arrangement, he proposed essentially 
the same order of superposition among the rocks as that geolo- 
gist. He also ascertained that strata, somewhat remote firom 
one another, could be identified by their organic remains. By 
extraordinary perseverence, he was able, in 1815, to publish a 
geological map of the whole of England. 

Descr. One important effect of excessive theorizing, was to 
produce an almost universal scepticism in unprejudiced phi- 
losophical minds in respect to all geological hypotheses ; and 
to make them feel the importance of amassing facts. Out of 
these feelings grew the London Geological Society, which was 
founded in 1807; and which has contributed more than any 
other public institution, to advance the science. This Society 
selected a sentence for their motto, from the Novum Organum 
of Lord Bacon, which invites ** those to join them as the true 
sons of science, who have a desire, and a determination, not so 
much to adhere to things already discovered, and to. use them, 
as to push forward to farther discoveries ; and to conquer na- 
ture, not by disputing an adversary, but by labor ; and who, 
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finally, do not indulge In beautiful and probable speculation, but 
endeavor to attain certainty in their knowledge/' 

Descr, The example thus set in England, has been follow- 
ed in nearly every part of the civilized world ; and geological 
societies, both local and national, have been formed in so great 
numbers, that even their names cannot here be given. The 
London Geological Society has already produced eight quarto 
volumes of transactions. Many of the ablest philosophers of 
the age have devoted themselves to geological researches : and 
have applied the principles of induction with great success ; so 
that probably no other science has made so rapid advances 
within the last half century, as geology. Very numerous geo- 
logical collections have been formed in almost every part of the 
civilized world : accurate geological maps have been construct- 
ed, of nearly all Europe : and much interest is felt in the sub- 
ject amon^all classes of the community. 

Descr. The rapid progress of the collateral branches of 
science, and their successful application to palaeontology, are 
to be regarded as among the most important means by which 
geology has been thus rapidly advanced. The most important 
application of this sort, was that of Comparative Anatomy, to 
determine the character of organic remains, by the Baron Cuvier 
in his great work entitled, Onemens FosHleSj Sfc. in seven 
quarto volumes ; first published in 1812. Numerous success- 
ful applications have also been made of the discoveries in the 
various departments of zoology and botany, to the same object : 
the result of which has been, the great works of Goldfuss, 
Sowerby, Bronn, &c. on petrified molluscs, zoophytes, &c. 
that of Agassiz on fossil fishes ; and those of Adolphe Brong- 
niart and of Lindley and Hutton, on fossil plants. The splen- 
did work of Cuvier and Alexander Brongniart " on the mineral 
geography and Organic Remains of the neighborhood of Paris/' 
published in 1811, constituted an era in geology; because it 
directed the attention of geologists to the tertiary strata, firom 
which they have since gathered so rich a harvest. 

Descr. The present state of facts and theories in geology 
may be learnt from the proceeding pages. Very many of the 
principles, which are now regarded as belonging to the science, 
may be considered as settled, as much as they are in most phy- 
sical sciences : though some of them may doubtless expenence 
slight modifications. A few points of importance yet remain 
in a great measure unsettled. Perhaps on no one is there 
more diversity of opinion, than concerning diluvial action. In- 
deed, the whole history of opinions on this subject is very in- - 
structive. When the subject was first discussed, as much as 
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300 years ago, it was assumed as a most unquestionable fact, 
that whatever marks of a deluge any part of the earth's surface 
exhibited, or even of the former presence of the ocean on the 
land, all must be referred to the deluge of Noah. Nay it was 
soon maintained that the whole solid frame work of the globe 
•was dissolved and re-deposited by the diluvial waters. One af- 
ter another have these extravagancies of hypothesis been given 
up, and nearly all geologists have come to the conclusion, 
though without denying the occurrence of the Noachian del- 
uge, that no certain marks of that event are now to be discov- 
ered on the globe. Nay, the question now is, whether there is 
any evidence of the occurrence of a general flood at any epoch. 
Not a few believe that no such evidence exists : while those who 
admit of a general deluge, for the most part, regard it as having 
taken place anterior to man's existence on the globe. The re- 
cent glacial theory, explained iff a preceding Section, makes it 
very probable, that what has so long been regarded as proofs of 
recent deluges, has been the result chiefly of ice, with no other 
deluge but what resulted from the melting of the ice. After 
centuries of discussion, it is also beginning to be found out, that 
the facts are yet very imperfectly known ; and to an examina- 
tion of these, geologists are now devoting great attention. 

Descr. In American Mineralogy and Geology, almost lite- 
rally nothing had been done at the commencement of the nine- 
teenth century. A few individuals indeed, among whom may 
be mentioned Dr. Seybert, of Philadelphia, Dr. S. L. Mitchell 
of New York, and Dr. B. Waterhouse of Harvard University, 
had commenced rather earlier than this, to make collections, 
and to call the public mind to these subjects. But the return of 
Mr. B. D. Perkins, and of Dr. A. Bruce from Europe, in 1802, 
and 1803, with beautiful collections, and of Col. Gibbs in 1805, 
with his splendid cabinet, began to awaken more interest ; so 
that ere long courses of lectures upon them were introduced 
into several of our colleges. In 1807, William Maolure return- 
ed from Europe, and comnaenced, single handed, the Herculean 
task of exploring the geology of the United States ; and after 
several years of labor, during which he crossed the Allegany 
range of mountains at different places not less than fifty times, 
he actually produced a geological map of this whole country ; 
which, though it gives only the Wernerian classes of rocks, 
forms a most valuable outline, and is a monument of great indus- 
try and perseverance. In 1810, Dr. Bruce commenced his Mi- 
nerological Journal, the first scientific journal ever undertaken in 
this country. But though ably commenced, it reached only the 
fourth number, in consequence of the sickness aud death of its 
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editor. In 1818, Professor Silliman, who had long been among 
the most distinguished and successful pioneers and teachers m 
these sciences, commenced the American Journal of Science ; a 
work which has been continued, often at great personal and pe- 
cuniary sacrifices on the part of its editor, till it has now com- 
pleted its 41st. volume : and which has been a most efficient 
means of promoting, not only mineralogy and geology, but all 
the physical sciences in the United States. In this connection, 
the valuable Elementary Treatise on Mineralogy and Geology 
by Professor Cleveland, another of the early and distinguished 
cultivators 'of those sciences in this country, ought to be men- 
tioned. It was published in 1816 ; and for a long time contin- 
ued to be almost the only American work on these subjects of 
any importance. Since it was out of print the able works of 
Professor Shepard and Mr. Dana on Mineralogy have taken 
its place. 

Descr. In 18 18, the American Geological Society was organized. 
But it has never accomplished much for the science ; not having 
published any separate volume of transactions. The Academy 
of Natural Sciences at Philadelphia, the Lyceum of Natural 
History at New York, and the American Academy of Arts and 
Sciences at Boston, have from time to time given valuable pa* 
pers in their transactions on mineralogy and geology ; while sev- 
eral societies of more recent organization, but limited to par- 
ticular districts of country, have been still more devoted to these 
subjects. The want of a general organization for the whole 
country, has long been felt to be a most powerful obstacle to the 
progress of Geology : and in April 1840, those gentlemen who 
are engaged in the state surveys, met in Philadelphia, and form- 
ed themselves into ihe AssoeicUion of American Geologists. 
Their Second annual meeting was held in the same city on the 
first Monday of April, 1841, and it now numbers 7^ members. 
Its next meeting is to be held in Boston on the last Monday of 
April, 1842. 

Descr. An important feature in the history of American geo- 
logy, is the numerous Geological surveys that have been execut- 
ed, or are still in progress, under the patrons^e and direction of 
the state authorities, as well as the United States Grovernment 
The leading object of these surveys, is to develope those min- 
eral resources of the country, that are of economical value. But 
with a commendable liberality, the Legislatures have encour- 
aj^ed accurate researches into the scientific geology, and some- 
times also into the botany and zoology of the several states. 
So numerous have these surveys become, that I may not be able 
to give in all cases their entire history up to the present time ; 



Digitized by 



Google 



GEOLOGICAL SURVEYS. 301 

but since they constitute an important era in our geology,! shall 
give all the useful facts within my reach. 

Vescr, The first survey, authorized by the government of a 
state, was that of North Carolina ; which was committed to 
Professor Olmsted, who made a valuable Report in two parts, 
the first in 1824, and the second in 1825 ; in which the econom- 
ical geology of a considerable part of the state was given in a 
pamphlet of 141 pages. 

Descr. The year following -South Carolina gave a similar 
commission to Professor Vanuxem, whose report was published 
only in the newspapers. 

Descr, The survey of Massachusetts was proposed by Gov. 
Lincoln in 1830, and commenced the same year by the author of 
this work. The first Report on the Economical Geology of the 
State was made in 1832, in a pamphlet of 70 pages. In 1833 
a full report on the whole subject was made, in a volume of 702 
pages, with an atlas of plates and a geological map : of which 
a second edition was directed to be printed in 1834. In 1837, 
on recommendation of Governor Everett, a farther examination 
of some parts of the geology of the state was ordered : and in 
1838 a report of this re-examination, embracing only the eco- 
nomical geology, was made in a pamphlet of 139 pages. The 
final report is just published in two quarto volumes of 300 and 
844 pages, with 56 plates and 282 wood cuts. The report of 
1833, embraced also the zoology and botany of the state ; and 
when the re-examination was ordered, these departments were 
committed « to Professors Dewey and Emmons: Rev. W. O. B, 
Peabody, Drs. Harris, Gould and Storer ; and George B. Emer- 
son Esq., most of whom have already made extended reports. 

Descr. Tennessee was only two or three years later than Mas- 
sachusetts in commencing a geological survey, under the superin- 
tendence of Professor Troost. In 1839 he had made five annu- 
al reports, the three last of which were pamphlets of 32, 37, and 
75, pages ; with a geological map of the whole state in that of 
1839. 

Descr^ In 1834, Professor Ducatel was directed to make a 
Reconnoissance of the State of Maryland : and his report the 
next year was a pamphlet of 38 pages. This survey embraces 
the topography; of which Professor Alexander has charge. 
Seven annual reports in addition to the reconnoissance have 
been made by Prof. Ducatel, of about 50 pages each, with maps 
and sections. 

Descr. G. W. Featherstonehaugh in 1834, received a com- 
mission firom the Government of the United States, to examine 
geologically " the territory of Arkansas and the adjacent public 
26 
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lands/' His first report of 97 pages, with an extensive geologic 
cal section, embracing 1600 miles, appeared in 1835, and bis 
second of 161 pages, with four sections, in 1836. 

Descr. The survey of New Jersey was ordered in 1835, 
and a report made by Professor Henry D. Rogers in 1836, in 
a pamphlet of 168 pages, with extensive sections ; the surrey 
having been ordered the preceding year. His final report of 
361 pages was published in 1840, accompanied by a geological 
map of the state. 

Descr, The survey of New York was commenced in 1836. 
It embraced zoology and botany as well as geology ; and was 
put into the hands of four principal geologists, viz. Profs. Mar 
ther, Vanuxem, and Emmons, with Mr. Conrad, who were to 
employ each an assistant ; one botanist, viz. Prof. Torrey ; one 
zoologist, viz. Dr. J. E. De Kay; and one chemist, viz. Profes- 
sor L. C. Beck. Subsequently Mr. Conrad was appointed Pa- 
leontologist to the survey ; and Mr. L. Hall took his place as 
geologist. These gentlemen made their first report in 1837, in 
a pamphlet of 212 pages, their second report in 1838, of 384 
pages ; their third report in 1839, of 351 pages ; their fourth 
report in 1840, of 484 pages ; and their fifth report in 1841 of 
184 pages. The survey is now completed* 

Descr. The first report, which was a Reconnoissance of the 
geology of Virginia, was made by Prof. Wm. B. Rogers in 1835, 
of 36 quarto pages : His second report, in 1836 of 30 pages ; 
his third in 1337 of 54 pages ; his fourth in 1838, of S2 quarto 
pages ; and his fifth in 1839 of 161 pages, and the sixth of 132 
pages. Prof. Rogers is aided in this work by five assistants : 
two of whom are occupied in the chemical laboratory. 

Descr. A survey was directed of the state of Maine in 1836, 
under the care of Dr. Charles T. Jackson. He made his first 
report in 1837, of 128 pages : His second in 1838, of 168 
pages ; and his third in 1839,' of 340 pages. The work is now 
suspended, at least for a season : though it is hoped that it will 
not be finally abandoned. Dr. Jackson had also a commission 
from Massachusetts and Maine, to examine the unsettled lands 
owned by them jointly, and he has made two reports on this 
subject in 1837 and 1838. 

Descr, The Survey of Connecticut was commenced in 1835 ; 
and committed to Dr. J. G. Percival for the geology, andto Prof. 
C. U. Shepard for the mineralogy. The latter gentleman made 
a report in 1837, of 188 pages. Dr. Percival has not yet made 
his report, but it is expected speedily. 

Descr. The Survey of Pennsylvania was begun in 1836, 
by Prof. Henry D. Rogers ; who the same year made a report 
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of 22 pages : and in 1837, another of 93 pages : also one in 
1 938 of 119 pages, another in 1839 of 252 pages, and a fifth in 
1840, of 179 pages. Prof. Rogers has five assistants, one of 
'whom is deyotedto the laboratory, and four sub assistants. 

Descr. The first Geological Report on the State of Ohio, was 
submitted to the Goyemment in 1839 of 134 pages. This 
surrey is under the direction of Prof. W. W. Mather, as princi- 
pal geologist, aided by Dr. S. P. flildreth, J. P. Kirtland, and 
Locke, and Professor Briggs, J. W. Foster, Esq. and Col. J. W. 
Whittlesey. The latter gentleman has charge of the topogra- 
phical department, and Drs. Kirtland and Looke of the Zoology 
and Botany. Their second report in 1838 contains 286 pages 
with numerous drawings. This survey b for the present sus* 
pended. 

Descr. In Delaware the work was commenced in 1837, by 
James C. Booth, Esq. who has made two annual reports, in 
1838 and 1839, in fi pamphlet of 26 pages, and his final report 
of 188 pages is just published. 

Descr. In Michigan, the survey was committed to Douglass 
Houghton Esq., with two sub assistants in geology, one assistant 
in Zoology, one Botanist and Zoologist, and one Topographer 
and Draughtsman. In 1838, the first report appeared of 37 
pages : In 1839, the second report of 123 pages ; in 1840 the 
third report of 124 pages, and in 1841, the fourth of 184 pages, 

Descr, The survey of Indiana was commenced in 1837, by 
Dr. D. D. Owen ; who in 1838, produced his first report of 34 
pages; and in 1839, his second report, of 54 pages. 

Descr. In 1839, the legislature of Rhode Island commission- 
ed Dr. Charles T. Jackson to make a Geological and Agricultur- 
al Survey of that State, and his report of 322 pages with a 
geological map has been published. 

In 1840, the same gentleman was appointed to survey New 
Hampshire ; and his first annual report of 164 pages has been 
published in 1841. 

Descr. In Georgia, Mr. John R. Cotting was commissioned 
in 1836; and he informs me that half the state has been survey- 
ed ; that three section lines, from 300 to 430 miles long, have 
been explored ; and that it is intended to publish a volume of 600 
pages in 1841. 

Descr. In 1838, the Legislature of Kentucky directed a 
Geological Reconnoisance of the State to be made, preparatory 
to a more accurate survey. This was executed by Prof. W. W. 
Mather, who reported at the close of the year in a pamphlet of 
40 pages. But I believe the work has not yet been prosecuted 
ferther : although the developments made in Prof. Mather's re- 
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port, of the mineral resources of the state, are such that there 
can hardly he a douht but the survey will be continued, by a 
people as intelligent as those of Kentucky. 

In 1839, Dr. D. D. Owen was commissioned l^ the Govern- 
ment of the United States, to examine the Territory of Iowa : 
or at least, its most promising mineral districts. The woric was 
prosecuted by Mr. Owen with as many as 120 assistants ; and a 
report of 161 pages was published in 1840. 

Reiulta. Thus it appears, that within the last 16 or 17 years, 
surveys have been commenced in 19 states and two territories of 
this Union ; embracing an area of nearly 700.000 square miles. 
For the last four or five years, not less than 65 geologists and 
assbtant geologists have been constantly employed in this work. 
Greological maps of Massachusetts, Rhode Island, New Jersey 
and Tennessee, have already been published ; and they are nearly 
prepared in many other states ; so that we may expect erelong a 
complete geological map of the United States. The collections 
of specimens that have been made and will be deposited in the 
capitals of the different states and of the United States will be of 
great extent and value, and the vast number of chemical analyses 
that have been made of different substances wili prove of the 
utmost value. See my Anniversary Address before the AssociO' 
Hon of American Geologists in Philadeiphiay in Aprils 1841, where 
the facts are given in greater detail 

Descr, It ought not to be omitted in this connection, that 
at an earlier date than any of the state surveys were undertaken, 
the late Hon. Stephen Van Rensselaer, with great liberality and 
munificence, directed a geological survey to be made of the re- 
gion bordering upon the Erie Canal ; and that Mr. Amos Ea- 
ton, who was employed, made a report of 163 pages in 1824; 
with an extended section from the Atlantic to Lake Erie. 

Descr, Within a few years past, the British Provinces of 
Nova Scotia and New Brunswick have been geologically ex- 
amined by Dr. Gessner, who has published reports of his 
labours. 

Descr > Previous to the year 1833, the Government of 
France had ordered a Geological Map of the whole kingdom to 
be constructed : and the work has since been executed by M. 
M. Elie de Beaumont and Dufrenoy. 

Descr, In his Anniversary Address before the London Ge- 
ological Society in February, 1836, {Phil, Mag. VolS, ZdSe-^ 
rieSjp,56S,) Mr. Lyell says, "Early in the Spring of last 
year, an application was made by the Master General and Board 
of Ordinance, to Dr. Buckland *^and Mr, Sedgwick, as Profes- 
sors of Geology in the Universities of Oxford and Cambridge ; 
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and to myself, as President of the Geological Society, to o£fer 
our opinion as to the expediency of combining a geological 
examination of the English Counties with the geographical sur- 
veys now in progress." The plan was adopted ; and H. f,. De 
la Beche commissioned to make the Survey. In 1839 he made 
a Report on the Geology of Cornwall, Devon, and West Som- 
erset, in a volume of 684 pages, with 12 Plates. 

Inf* Those whose recollection enables them to compare the 
state of geological science 30 years ago with its present condi- 
tion, and the almost universal interest now taken in it, with 
the almost entire absence of all interest or knowledge on the 
subject then, will hardly venture to predict what will be its con- 
dition 30 years iience. 

SECTION XL 

GEOGRAPHICAL GEOLOGY. 

Def. By Geographical Geology I mean a description of the 
geology of different countries of the globe. Like simple ge- 
ography, this must be very imperfect in regard to many couur 
tries. Indeed, the geology of some extensive regions must be 
considered as too little known to admit of description. 

EUROPE. 

England. 

Rem. The rocks of no country on the globe have been studi- 
ed so carefully and successfully as those of England. Indeed, 
the descriptions of rocks in general, given in this treatise, is 
based upon those of Great Britain : and, therefore, little more 
will here be needed than to describe briefly their distribution in 
that country. 

Descr. The primary rocks we confined chiefly to the west 
or mountainous part of England, viz. Wales, Cumberland, 
Cornwall, and Devon. In proceeding easterly, the country be- 
comes hilly and then level, and the rocks generally become 
newer and newer, until we reach the alluvium of the eastern 
coast. The unstratifled rocks are mostly confined to the west- 
ern districts, as are the Cambrian and the Silurian Groups. 
The Estuary of the Thames contains the principal deposit of the 
tertiary strata. 

Descr. Probably coal is the most important mineral found 
in England ; and that country is remarkably well supplied with 
it. Conybeare and Phillips describes five great coal districts : 
26* 
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1. That north of the Trent: 2. Central Coal District : 3. West- 
em Coal District : 4. Middle Western, or Shropshire : 5. South 
Western. Some statements, however, have already been made 
in respect to the coal deposits of England, on page 56. The 
annnal amount of coal dug and consumed in England and Ire- 
land is about 15.500.000 tons. 

Descr. Extensive d^)osits of iron often accompany the coal 
of England; as well as the limestone necessary for smelting 
the ore; and the firestones for the furnaces ; while the coal sup-, 
plies the fuel. In 1839, the amount of iron manufactured from 
ore in England, was 1.312.000 tons. Mtdng Remewy Dec. 
1S39, p. 182. 

Descr, England contains several mining districts where 
other metals are found ; the chief of which are, copper, tin, 
lead, and antimony. In Cornwall and Devon, the mines of 
these metals are in primary or transition rocks. Rich lead 
mines with copper and zinc, are also found in the mountain 
limestone of England and Wales. The amount of oxide of 
tin raised in 1839, was 4868 tons. Minmg Review for Feb^y* 
1840, p. 14. The amount of lead in 1835, was 46.112 tons, 
and the amount of copper in 1837 was 11.209 tons. 

Descr. In the New Red Sandstone at Northwich, is a valu- 
able deposit of rock salt, the two beds being 60 feet in thick- 
ness and a mile and a half long. The salt springs at Droitwich 
produce 700.000 bushels of salt yearly, and che whole amount 
in all England, is 15.000.000 bushels. In the London clay, the 
septaria produces the valuable Roman Cement ; which is carried 
all over the world. Many other valuable mineraJs exist in the 
rocks of England^ which cannot be here specified. 

Scotland. 

Descr. Scotland is much more mountainous than England, 
and is composed generally of primary and older secondary 
rocks. All the varieties of the former occur here, and are fully 
developed. They consist of granite, sienite, porphyry, trap, 
and serpentine ; which are unstratified, and of gneiss, mica 
slate, quartz rock, and clay slate, which are stratified. The 
secondary rocks are graywacke, old and new red sandstone, 
mountain limestone, coal formation, lias and oolite, which are 
covered with diluvium and alluvium. 

Descr. The amount of iron smelted in Scotland in 1839, 
was 200.000 tons. Copper, lead and silver, are also obtained 
there. The annual value of lead is about 603.000, and of the 
silver, $44,400. Several important coal fields exist, which fur* 
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nish a large supply. The Mid Lothian coal fields produce an- 
nually 390.000 tons ; and they are calculated to contain 2250 
millions of tons: which would supply the whole of Great 
Britain, which annually consumes 30 millions of tons, for 75 
years. Mining Review^ Oct. 1839, p, 149. The Brora coal 
is said to be in oolite : but its quality is poor. 

Descr. The Western Islands of Scotland are remarkable 
for unstratified rocks, which produce much wild and interesting 
scenery. See Macculloch^s Western Islands^ in three Vobmes 
Lomdon^ 1819. 

Ireland. 

Descr, All the primary and older secondary rocks, both 
stratified and unstratified, occur in Ireland on an extensive 
scale. Chalk also is found beneath the trap. Perhaps the most 
striking feature of Irish geology is the vast deposit of trap in 
the northern part of the island* It occupies an area of 800 
square miles, and is 545 feet in average thickness. Where it 
extends to the coast, it exhibits the famous columns, which con- 
stitute the Giant's Causeway and FingaPs Cave : the latter be- 
ing upon the island of Stafia. The chalk on which this trap rests, 
is often changed into granular limestone. Beneath the chalk 
lie green sand, lias, and variegated Marls. 

Descr. Ireland contains several coal fields. Nearly all 
that in the Province of Munster is anthracite ; which is used 
to some extent for burning lime. The other basins produce 
bituminous coal. The peat bogs in that country occupy, it is 
said, more than one tenth of the island, and are from 15 to 
25 feet thick. Iron is also wrought to some extent ; as are 
copper and lead ; The single mine of Allihies produces more 
than 2000 tons of copper annually; and those of Coonbane 
and Tigrony, in 1811, produced 1046 tons. Native gold also 
occurs in considerable quantity. 

Denmark. 

Descr. This low and fiat country is composed almost en- 
tirely of the deposits of Weald Clay and Chalk, covered by ter- 
tiary and diluvial strata ; and these in their turn often by diluvium. 

Descr, Iceland and the Faroe Islands, which are under the 
jurisdiction of Denmark, are composed almost entirely of ignige- 
nous rocks of two eras : the first that of dolerite or greenstone ; 
and the second, that of modem volcanos^ Some of the most 
terrible eruptions of modern times have occurred in Iceland. 
The amygdaloidal rocks of these islands are celebrated for the 
splendid zeolites which they affi>rd. 



Digitized by 



Google 



808 SCANDINAVIA. 

Swedeuy Nonoay and Lapland, 

Descr. These extensive countries form the ancient Scan- 
dinavia. It is rough and mountainous, and the rocks are most- 
ly primary, with the older secondary ; though chalk is said to 
occur : and in Sweden some recent tertiary strata. The moun- 
tains are mostly gneiss with mica and talcose slates, and in 
Norway are extensive deposits of porf^yry and sienite. But 
the diluvium or bowlder formation that is spread over this 
country, is perhaps the most remarkable in the whole series. 
This however has been already described in a preceding Sec- 
tion. I would only remark here, that diluvial phenomena in 
Scandinavia appear to resemble those in New England more 
nearly than in any European country. And there is a good 
deal of resemblance in the rocks and minerals { especially be- 
tween those of Norway and New England. 

Descr. The mines of Sweden have long been well known. 
Those of gold and silver yield much less now than formerly. 
Those of Kongsberg have been considered the richest in Eu- 
rope. A mass of native silver, was once found here weighing 
600 pounds. The copper mines are very prolific: that of 
Fahlun alone yielding annually 510 tons. Cobalt is also wrought 
in several places. From the sulphurets of iron and copper, sul- 
phate of iron or copperas is manufactured in large quantity. In 
Dweden and Norway, 120.000 tons of iron were manu£aictured 
in 1839. The immense beds of iron are usually connected with 
the gneiss. Extensive quarries of granite, marble, and porphyry, 
the latter the finest in Europe, are also worked. 

Holland and Belgium. 

Descr. These countries are proverbial for the flatness of their 
almost entire surface ; although some parts are hilly. But 
much of the land lies even below the level of the sea, and is 
defended by dykes. As might be expected, no primary rocks 
occur : nor any unstratified rocks. Clay slate is the oldest ; 
and most of these secondary strata are superimposed upon this, 
with one or two tertiary basins, and a coat of diluvium. 

Descr. Both anthracite and bituminous coal are found in 
Belgium ; the latter in great abundance- In 1837 her 250 coal 
mines yielded 1.600.000 tons: and the iron mines in 1839, 
80.000 tons. 3iining Review for July^ 1838, p, 109; and for 
January y 1840, p, 6. 

France. 

Descr. This extensive country, embracing an area of more 
than 200.000 square miles, is generally level : though in its 
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central parts moantains rise 5000 or 6000 feet ; and the high- 
est mountains of Europe, the Alps, are oh its borders. Near- 
ly all the stratified and unstratified rocks, from the oldest to the 
most recent, are found here. The carboniferous strata are £ur 
less extensive than in England : but the new red i^andstone, and 
the jura or oolitic limestones form extensive tracts. Chalk al- 
so occiHrs in vast abundance : and there are not less than six 
extensive basins of tertiary deposits. Diluvium is abundant, 
and interesting by the remains of extinct animals, especially the 
pachydermata. But perhaps the most remarkable of the form- 
ations is the district of extinct volcanos in Avergne; which 
has long been classic giound for the geologist The rocks are 
trachyte, basalt, and tu&. 

Descr. In 1837, the one hundred and ninety eight coal mines 
of France produced 1.150.000 tons of coal ; and her iron mines, 
600.000 tons of iron in 1839. (Jftittn^ Review^ ^ly^ 1838, and 
January^ 1840.) Her lead mines yield annually about 1525 
tons, and her silver mines about 2800 pounds Troy. Besides 
these, there are mines of copper, antimony, manganese, alum, 
and vitriol. Cobalt, arsenic, nickel, and tin, also occur in small 
quantity. Quarries of marble, slate, gypsum, flint, and buhr- 
stone, are likewise extensively wrought. 

Spain. 

Descr* The surface of Spain is strikingly irregular : some 
of the mountains, as the Pyrenees, rising more than 11.000 feet 
above the ocean. The central axis of these mountains is usu- 
ally primary, or older secondary rocks ; both stratified and un- 
stratified. The middle secondary strata, however, sometimes 
rise to a great elevation, as in the Pyrenees. The more recent 
secondary, even to the chalk, as well as tertiary deposits, occur. 
Around Olot in Catalonia is a region of extinct volcanos, occu- 
pying 20 square leagues, according to Maclure, who first point- 
ed it out. {LyelVs Prin. Geol Vol 2. p. 325.) 

DescT' Lead occurs in great quantity in Spain : one dis- 
trict yielded in 1828 no less than 30.000 tons. This deposit 
is in transition limestone. There are also rich quicksilver 
mines in clay slate. An extensive deposit of rock salt exists 
at Cardona, in the cretaceous rocks. The iron smelted in 1839, 
was only 18.000 tons, although the ores are said to be very 
abundant. Extensive deposits of coal are found in the province 
of Asturias. The sands of the river in this country have long 
been known as yielding gold. 
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Portugal. 

Dt9cr. The geological structure of PcMrtugal is similar to 
that of Spain : the older stratified and unstratified rocks con- 
stituting the mountains. Gold occurs in the sands of a few 
of the rivers, and is still sought, hut with small success* There 
are also mines of coal, of graplute, of iron, and of quicksilTer ; 
and formerly tin was explored. 

Italy. 

Descr. Italy contains the loftiest mountains in Europe, viz. 
a part of the Alps, including Mount Blanc, St. Bernard, and 
the Apennine chain. Between these mountains are most beau- 
tiful plains. The Apennines are made up in a good* measure of 
limestone, helonging to the newest of the primary, or the oldest 
of the secondary rocks : though in some parts are slate, euphotide, 
and gabbro. ' The sub-Apennine hills, at the base of the 
Apennines, are composed of tertiary strata, often containing 
species of shells such as now ^xist in the Mediterranean : 
And there is eyidence that the Apennine chain has been elevat- 
ed 3000 or 4000 feet since the deposition of these tertiary stra- 
ta. In Calabria, granite, gneiss, and mica slate exist. Primary 
rocks occur also in the Alps and on the island of Sicily : though 
most of the rocks on this island are secondary and tertiary. 
Most of the English newer secondary rocks occur here. In 
this island, also, is volcanic Etna, nearly 10.000 feet high. On 
the main land, Vesuvius is the only acting volcano, nearly 4000 
feet in height : though near Naples is a Solfatara^ which con- 
tinually gives off gases and vapor. BroccKi estimates the num- 
ber of craters of extinct volcanos in the vicinity of Naples, at 
27. The Lipari Islands, as also Procida and Ischia, are all of 
volcanic origin ; and among the former is the perpetually active 
volcano, Stromboli. In Corsica and Sardinia, the prevailing 
rocks are primary and the older secondary. Jura limestone, 
however, is found there ; and in Sardinia, are tertiary strata cov- 
ered by diluvium with volcanic rocks. Malta and Goro are 
chiefly composed of soft limestone. Along the shores of the 
Mediterranean are deposits of alluvium : and in the fissures and 
caverns of the rocks, is a calcareous deposit, called bone brec- 
cia, made up of the fragments of the bones of extinct animals, 
cemented by carbonate of lime. 

Deacr. Italy has long been celebrated for its marbles, such 
as the Carara, the Pentelic, Lumachella, &c. Coal occurs 
there, but is not abundant In the province of Coserza, are 
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extensive beds of rock salt. Silver, lead, copper, and iron, have 
been wrourfit : the latter especially. In 1839, Italy, with the 
islands of Elba and Sardinia, produced 50.000 tons of iron. 
The iron mines of Elba have been wrought from the earliest 
times. Sicily has long supplied nearly all Europe with sulphur, 
dug firom the tertiary clays. 

Suntzerlund, 

Descr. The geology of this country of mountains has been 
explored by many of the ablest geologists of Europe, commenc- 
ing with Saussure. And although its structure is complicated 
it has afforded many fine illustrations of geological principles. 
The central parts of the Alps are primary : or gneiss, mica slate, 
talcose slate, hornblende slate, and limestone. In the gneiss, 
talc often replaces the mica ; and the rock is then called proto- 
gine : of which Mount Blanc is formed. On the flanks of the 
mountains are deposits of new red sandstone, lias, oolite, green 
sand, chalk, and tertiary strata ; over which are accumulations 
of diluvium. The tertiary rocks are from 2000 to 4000 feet 
above the ocean, and mark the height to which these moun- 
tains have been raised since those strata were deposited. All 
the older unstratified rocks, as granite, sienite, porphyry, and 
greenstone, are found in the Alps. 

Germany* 

Descr, The south western, and easterly borders of Germany^ 
consists of lofty mountains of primitive rocks : which occur 
also in several places more central, as in the Hartz Mountains. 
Secondary rocks occur in many places; though relatively 
less abundant than in Great Britain. Yet nearly all the 
fossiliferous rocks of Great Britain are found in Germany, 
and in the same relative position. A part of the extensive 
plains of northern Germany is composed of tertiary rocks, 
covered with diluvial detritus from Scandinavia. As many as 
four other tertiary basins occur in Germany. Indeed, nearly 
every stratified rock that has been found in any part of the world, 
exists in Germany. 

Descr. Several coal deposits are found in this country, 
which annually produce about 1.000.000 tons of coal. Salt 
and Gypsum, are also found in the new red sandstone and of 
the former, the annual produce is 157.500 tons. The amount 
of iron manufactured in 1839, in Germany, was about 300.000 
tons : of which Austria produced 100.000 ; Prussia the same 
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and the Hartz Mountains, 70.000. The annual {nrodace of the 
gold mines of Germany, is 182 marks: of Silver, 123.000 
marks: of Copper, 1950 tons: of Lead, 9560 tons: of Tin, 
400 Tons : of Mercury and Cinnabar, 799 tons : of Cobalt, 
825 tons : of Calamine, 4140 tons : of Arsenic, 530 tons : of 
Bismuth, 75 tons: of Antimony, 120 tons: of Manganese, 90 
tons. Indeed, this country is the most remarkable one in 
Europe for mining operations, and for the scientific skill with 
which they are conducted. 

Hungary toith Transylvania^ Sclavonia, Croatia^ and the Bannat. 

Descr. This extensive region has the Carpathian mountains 
on its north and eastern border, and the Julian Alps and other 
mountains on the south. The country in the interior is in 
general hilly, except several plains of great extent. Primary 
rocks occur in several places ; but they are not relatively very 
abundant. Nearly all the secondary and tertiary stratified de- 
posits hitherto described, occur here ; and above them diluvium 
and alluvium. The common unstratified rocks are also found 
here ; and in addition we have Trachyte in abundance, with 
trachytic porphyries, tufas, and conglomerates ; which are of 
more recent date than the tertiary strata : and one solfatara at 
least exists in the trachytic regions of Transylvania. 

Descr. Hungary produces more gold and silver than any 
country in Europe. Hassel states the annual amount of the 
former to be 1050 pounds ; and of the latter 41.600 pounds. 
But this is greater than the quantity now obtained. The iron 
annually smelted is about 10.000 tons : of copper, 19.000 tons : 
of lead, 1225 tons : and large quantities of coal and salt are 
obtained. 

Poland and Russia, in Europe. 

Descr, Poland and Russia are for the most part a vast plain, 
bounded on the east by the Uralian mountains, and on the 
south by the Carpathian and Silesian chains. These moun- 
tains are chiefly primary and older secondary ; as are also Fin- 
land and Russian Lapland. But the tertiary and alluvial strata 
predominate in most parts of the country. Nearly all the stra- 
tified secondary rocks occur ; such as old and new red sandstone 
with the coal formation intervening ; lias and other limestones, 
and green sand and chalk. The tertiary strata correspond 
rather to those in Hungary and France, than to those of Eng- 
land and Italy. Over the tertiary is a deposit of clay, sand, and 
bowlders, from 30 to 100 feet thick, which has been brought 
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from the northeast; and this deposit contains the hones of 
many extinct terrestrial animals. Unstratified rocks are un- 
common : hut trachyte occurs in the Caucasian chain. 

Descr. In Poland occurs in the tertiary strata, the most 
extensive deposit of salt in Europe. Several other deposits of 
this mineral are found in the new red sandstone with gypsum, 
in Russia. Some coal mines have been opened : but they are 
not extensively wrought. The iron mines of Russia and Po- 
land yielded in 1839, about 158.000 tons. Copper is obtained 
also, on the western side of the Uralian mountains. 

Greece and Turkey in Europe. 

Descr* The geology of these countries is very similar to that 
of Hungary, but it has not been minutely described. 

ASIA. 

Turkey in Asia and Arabia. 

Descr. Although many insulated facts are known respecting 
the rocks of these extensive and mountainous regions, yet no 
connected view of their geology can be made out. It is certain, 
however, that rocks of every age, stratified and unstratified, are 
found there. A few statements of interest can be made respect- 
ing the geology of Syria, Palestine, and Arabia. 

Descr, In Syria and Palestine, limestone, probably of the 
newer secondary class, is the most abundant rock. It forms the 
greater part of the mountains of Lebanon, Anti Lebanon, Car- 
mel, the mountains of Galilee, and the ridges stretching south 
from the Dead Sea. Much of it is yellowish white and com- 
pact, not a little resembling the stone used in lithography. At 
least this is the character of the limestone on which Jerusalem 
is built; and of which the ancient temple of Solomon and the 
houses of the city were constructed ; and it was the material 
from which the tesselated pavement of the streets was formed.* 

Descr. Mount Lebanon has been recently described by M. 
Botta, as consisting of three groups of calcareous rocks. The 
upper group consists of limestone of variable hardness, alternat- 
ing with marls : the middle group embraces siliceous beds and 
nodules, with fossil echini and fishes : and the lowest group is 
mostly sandstone, with beds of silico-calcareous matter, iron ore 

* These statements respecting Jerusalem, I derive from specimens 
with labels, sent by the Rev. Henry Homes, American Missionary in 
Constantinople, to the Social Union Society of Amherst College. 

27 
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and lignite. The "whole formation he refers to the chalk. TVaite 
Elementaire de Geologies Par M. Rozetyp. 524. 

Descr. Mount Hor and Wady Mousa, in the ancient Edoro, 
are composed of variegated or new red sandstone ; and the ex- 
cavations of Petra, the ancient capital of Edom, are in this rock; 
which extends to Mount Sinai, and still farther south. On the 
borders of the Dead Sea marly strata occur, and a remarkable 
ridge of rock salt, from 100 to 150 feet high, called Usdum. 
Roiinson and Smithes Biblical Researches in Palestine, 8^c. Vol. 
2, p. 482. 

Descr. Some of the highest peaks around the Red Sea, are 
said to be composed of granitic rocks. Mount Sinai is wholly 
granite, or perhaps syenite : as are also the mountains on each 
side of the Arabian Gulf. Porphyry and greenstone exist also 
in the same mountains. Trap rocks occur at Akaba, the east- 
ern extremity of the Red Sea : and according to Burckhardt, 
ancient volcanic craters may be seen in the same region. Ac- 
cording to Von Boch, the valley of the Jordan, from Mount 
Libanus to the Red Sea, is a fissure, through which volcanic 
agency has been active, and the character of the Dead Sea, as 
well as the thermal springs on its margin, the existence of vol- 
canic rocks in the same region, the rock salt and great amount of 
bitumen, and the columnar and amygdaloidal rocks existing near 
the Jordan, render it highly probable that this igneous agency 
has been exerted at some former period. American Biblical 
Repository, Vol 3. Second Series, o. 24, p. 324 
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Rem. Since the above was written, I have received an extensive series 
of Specimens illustrating the geology of Syria and Palestine, especially 
that of Mount Lebanon, from Rev. Story Hebard, American Missionary 
in Syria, who had paid a good deal of attention to geology before leaving 
this country. They confirm the preceding statements essentially. The 
limestones of Mount Lebanon are often pulverulent, and even chalky : 
though some of them are compact. They often contain siliceous nodules, 
sometimes as large as a man's head, which, on breaking open, present 
splendid geodes of crystals of quartz, or sometimes of mammillary chal- 
cedony. Solid nodules of hornstone, passing into chalcedony, are also 
common. The limestone contains fine petrifactions of one or two spe- 
cies of Tellina, and Venus, a Terebra, a Trochus, a Dolium, an Ostrea, 
an Echinoderm, and fishes on a white marl slate somewhat like that of 
Monte Boltia, and with horaocercal tails. The sandstones are highly 
ferruginous, and resemble those in this country that are referred to the 
lower part of the cretaceous group. In this sandstone occur beds of as- 
phaltum, especiallv at Carmel on Mount Lebanon, and at Hermon on 
- Anti-Libanud, at the former place in ferruginous sandstone. Lignite is 
also found on Lebanon. Near the tops of this mountain occurs a brittle 
bituminous shale, and on the borders of the Dead Sea, a black highly 
bituminous limestone. Genuine greenstone is found with the limestone 
on the east side of Anti-Libanus ; and a vesicular basalt with olivine. 
The same rock exists at Hauran, southeast of Damascus. Genuine 
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basaltic yesicular lava occurs in an ancient crater five miles west of 
Safet; and a still more porous variety on the north shore of the Dead 
Sea. The ruins of Jericho furnish a similar rock. (See the Specimens 
in th^ Cabinet of Amherst College.) 

Deacr. In the Western part of Asia Minor, to the east of 
Smyrna, and in the vicinity of the ancient Sardls and Philadel- 
phia, is a region interesting to the geologist, called the Burnt 
Country^ from the striking marks it hears of former volcanic 
action. Here are seen numerous streams and heds of lava, and 
30 distinct volcanos, whose craters are covered by soil and vege- 
tation. The deep fissures cut through the lava by running wa- 
ter, shows that the period of action in these volcanos must have 
been very remote. Three of them, however, are much more 
recent : yet even these have been quiet for at least 3000 years. 
jDr. Smithes Scripture and Geology, 2rf. Ed. p. 149. 

Persiaj including Cabul, Afghanistan, Baloochistan, 8fc. as far 
as the River Indus* 

Descr. The little that is known of the geology of this vast 
region, consists of a few insulated facts. On the north, com- 
mences the largest inland sea in the world, viz. the Caspian ; 
which is 600 miles long, and 300 broad, and salt like the ocean. 
In the northwest part of Persia is the lake Ooromiah, 300 miles 
in circumference, whose waters hold in solution at least one 
third more salt than the i^ea, and contain so much sulphuretted 
hydrogen as to tarnish silver rapidljr, after having been brought 
to this country. The sea pf Aral, m Tartary, east of the Cas- 
pian, is also salt. These facts, particularly those in respect to 
Ooromiah, indicate volcanic agency in those regions ; and the 
remarkable springs and deposition of asphaltum, in the region of 
ancient Assyria, as well as the sulphur in the soil, lead to a sim- 
ilar conclusion. An extinct volcanic crater is said to exist in 
the vicinity of Mount Ararat ; and that mountain itself is made 
up of ancient lava. A crater also exists in the Kourdish Moun- 
tains. Near Tifiis in Georgia, are hot springs ; and a boiling 
spring on the river Akhoor. In the Caucasian mountains are ex- 
tensive groups of basaltic columns. Near lake Ooromiah occurs 
the beautiful white or yellowish calcareous alabaster of Ta- 
breez, which is deposited by thermal waters in great abundance. 
Near the ruins of the city Tact-i-Solomon is another enormous 
deposit of calc sinter. Copper, lead and silver, are mined near 
Tokat, where 50 furnaces are in operation. Iron, copper and 
silver, are also wrought near Samsoon. Sir Robert Ker Porter^s 
Travels from 1817 to 1820. See Am. Journal Sdencey Vol 37. 
p. 347. 
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Descr. From specimens and their labels sent by Rev. Justin Perkins 
and J. L. Merrick, American Missionaries in Persia, I learn the follow- 
ing fitcts. 1. That on the vast plain northwest of Mount Ararat, are 
moraines like those in this country. 2. That the principal rock in the 
mountains around the city of Ooromiah is granitic gneiss, hayimg a dip 
from 10*" to 30*". 3. That Graywacke is very abundant in the same re- 
gion. 4. That quartz rock exists there, as well as in some of the isl- 
ands of the lake, and in several other parts of Persia. 5. That tertiary 
limestone is abundant around Ooromiah, similar to the common rock of 
the island of Malta. 6. That red sandstone and conglomerate (probably 
the new red sandstone,) constitute a mountain just back of Tabreez, 
some part of which appears as if it had been exposed to very powerful 
heat : and that similar rocks occur in other parts of Persia. 7. That 
beautiful rock salt is du^ fVom a mountain near Tabreez. 8. That rich 
ore of copper, composed of native copper, and the grees and blue car- 
bonates, exists in large quantity 30 miles northeast of Tabreez, from 
which the Persian government have manufactured cannon. 9. That 
the marble in the ruins of Persepolis resembles lias with casts of 
Turbo (?) 

Tartary. 

Descr, The interior portion of Asia is crossed by four grand 
systems of mountains from east to west ; viz. on the south, the 
Himmalayah, next northerly the Kuenlun, then the Thian-cfaan, 
and the Altaian. The first is in India ; the second separates 
Tartary from Thibet, and the last from Siberia ; while the Thian- 
chan occupies its central parts. The Altaian chain presents its 
magnificent displays of primary and transition rocks; over 
which are secondary and tertiary deposits. In these rocks are 
numerous metalli<r deposits. The quantity of gold annually de- 
riyed from thence, is 1140 pounds avoirdupois ; and of silver, 
41.992 pounds. 

Descr. Active and extinct volcanos occur in central Asia ; 
occupying a space of 2500 square leagues. The most remarka- 
ble volcanic mountains are Pechan, Houtcheon, Ouroumptsi, 
Kobok, and Aral-toube. These are between 900 and 1200 miles 
from the sea. 

Rem, It has been already stated (p. 15,J that the supposed ex- 
tensive depression of central Asia arouna the Caspian Sea, be- 
low the level of other oceans, does not exist. 

Siberia. 

Descr, The geology of the Uralian Mountains, which sepa- 
rate Siberia from Europe, is similar to the Altaian range in its 
general features. 

Descr. The Uralian mountains, especially on the Siberian 
side, have long been celebrated for their mineral treasures. In 
1828, about 63 tons of gold were thence obtained. As long 
ago as 1782, thb mountain yielded 66.000 tons of iron, and 31. 
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500 tons of copper. The AlUuan chain of mountains, also, yields 
an immense quantity of silver, as well as much gold and c^per. 
In 22 years, 12348 pounds of gold, and 324.000 pounds of sil- 
ver, were dug from the single mountain of Schlangenherg. In 
1828, the entire produce of silver in Siberia was 182 tons. In 
the Uralian mountains, within a few years, platinum has been 
found in such quantity that it is now used as a coin in Russia. 

Descr. Other interesting minerals are found in Siberia: among 
which are the diamond, topaz, emerald, beryl, onyx, lapis lazuli, 
beautiful crystals of quattz, rubellite, avanturine, cafirnelian, chal- 
cedony, agates, ^c. 

Hindastany Thibet, and Further India. 

Descr. The two first of these countries are separated by the 
Himmalayah mountains, the highest on the globe, and their ge- 
ology becomes, therefore, of great interest. On approaching 
tliis chain from the plains on the south, we first meet with a 
sandstone belonging to the newer secondary series ; next in suc- 
cession argillaceous slate, mica slate, talcose slate, quartz rock, 
hornblende slate, and limestone. The highest part of the range 
is composed chiefly of gneiss, traversed by granite. The mica 
slate is traversed by porphyry. At the base of these mountains, 
also, occur tertiary strata, in which the bones of the mastodon 
have been found in Burmah ; and between the river Sutlej and 
the Ganges, bones of the elephant, mastodon, hippopotamus, 
rhinoceros, elk, horse, deer, crocodiles, gavials, sivatherium, and 
the monkey. Diluvial deposits are said also to occur in these 
mountains. In Middle India, the vast plains are composed 
mostly of clays, sand, and gravel, with organic remains of ani- 
mals and fossil wood. Good coal also occurs here in a forma- 
tion resting on granite. Peninsular India is composed in a great 
measure of unstratified rocks ; such as granite, syenite, and trap : 
though nearly all the stratified primary ones are present also. 
Extensive deposits of secondary and tertiary strata exist there 
likewise ; as well as diluvium and alluvium. The geology of 
Further India is but little known. 

Descr, Southeastern Asia has long been known as a region of 
gems. The diamond occurs in several places in Hindostan, both 
in conglomerate and the alluvium. Corundum, from its coarsest 
to its finest state, is found there. Pegu is well known to pro- 
duce the most beautiful variety of the oriental ruby, which is a 
sapphire. Topaz, zircon, tourmaline, garnets, carnelian, jasper, 
agates, amethyst, catseye, chrysolite, 6fc. are common. The an- 
nual value of carnelian formerly exported from India, was $50. 
000. Burmah is celebrated for the vast amount of petroleum 
27* 
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collected in wells: which amounts to 92.781 tons per annum. 
India also contalDS gold, tin, iron, lead, and zinc : though not 
enough of these metals is obtained for home consumption. Rock 
salt is also found. From Thibet is broueht a large quantity of 
borax. This is obtained from a lake, which contains also com- 
mon salt. The Thibetans are said to work mines of copper and 
mercury. 

CkyUm. 

Descr. The geology of this large island, lying near the coast 
of southern India, is quite simple. It is made up almost entire- 
ly of primary rock, most of it stratified. The prevailing rock 
is gneiss : which is associated with dolomite, and subordinate 
masses of quartz rock. Granite, syenite, and greenstone, also, 
exist there. 

Descr. Iron is almost the only valuable metal found in Cey- 
lon. But the gems are numerous. Amethyst, rose quartz, cats- 
eye, prase, topaz, schorl, garnet, pyrope, cinnamon stone, zircon, 
spinelle, sapphire, and corundum, have been found ; most of 
them in connection with graphite in gneiss. Tran$aetion8 of 
the Geological Society^ Vol. 5. Part 2. p. 311. 

China. 
Deecr. Little is known of the geology of China. We only 
know that granite, syenite,porphyry, sandstone, &c. occur there. 
But its minerals are more known. Gold and silver, mercury and 
copper, lead, tin, and arsenic, are among those which are wrought. 
Rubies, corundum, topaz, lapis lazuli, jasper, agate, jade, por- 
c^ain clay, and marble, are enumerated among its valuable min- 
erals. 

Japan. 

Descr. It is known that these islands contain several volca- 
nos, but their other geological features are little understood. 
Gold and silver abound, and copper and mercury occur. Sul- 

Ehur exists in great quantities : and coal is found, as well as am- 
er, porcelain clay, marble, &c. 

East Indian Archipelago* 

Descr. In Sumatra are four volcanos, nearly .12000 feet high : 
while granite, trap, limestone, and other primitive rocks exist 
there, as well as tertiary clays. In Java, are several ranges of 
volcanic mountains ; and at their bases are deposits, perhaps 
tertiary, of limestone, cla}'-, and marl, with rock salt. Banca is 
said to be composed of gneiss and mica slate with granite. In 
Borneo, primary formations are abundant, forming the axes of 
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the priDcipal mountain chains ; while secondary, tertiary and al- 
luyial deposits occupy the lower regions. Volcanos also exist 
here. The Philippine Islands are likewise volcanic : as are also 
the Moluccas : of which Celehes contains primary rocks. 

Descr, The mineral treasures of this Archipelago are ahun« 
dant. Gold occurs in nearly all 'the islands : and the amount 
annually collected, is estimated at 2.922 300. Tin is abundant 
especially in the island of Banca ; where in 1817, about 2083 
tons were smelted. Copper also occurs. Sulphur is obtaihed 
in great abundance and purity in Java. Borneo is celebrated 
for its diamonds : one of which in the possession of a prince of 
Matan, is valued at $1,194,350. 

AuatraKc^ or New Holland. 

Descr* The details of the geology of particular portions of 
this vast island, or rather continent, have not been given : yet 
numerous facts on the subject are known. The coast is for the 
most part rocky and mountainous ; and the. rocks which have 
been reco^ized, are granite, mica slate, talcose slate, quartz 
rock, ancient sandstones and limestones, the coal formation, red 
marl, with salt and oolite : also porphyry, greenstone, clinkstone, 
amygdaloid, and serpentine. There are some traces of former 
volcanos. Topaz and agate are the most interesting minerals. 

Descr. Interesting collections of fossil bones from the lime- 
stone caverns of New Holland have been carried to England, 
and referred to at least 14 species of animals. These animals 
are all similar to^those found living in Australia ; such as the 
kangaroo, dasyurus, hypsiprimnus, wombat, a rodent, a saurian, 
and an elephant. These bones are much gnawed like those in 
the English caverns, and were probably carried into the caverns 
by carnivorous races. 

Polynesia. 

Descr. The predominant formations in this vast group of 
islands are the volcanic and the coral reefs, Tho^e islands 
formed by the latter, are low and level : but the others rise to 
a great height. Mouna Roa in the Sandwich Islands Is more 
than 16000 feet high ; and Mouna Kea, 18.400 feet. These 
islands, with a surface of 4000 square miles, are all volcanic : 
Kirauea being the most remarkable volcano on the globe. The 
Society Islands are composed mostly of igneous rocks of 
greater age ; as basalt, which frequently contains most of the 
zeolitic minerals. The Friendly Islands are mostly volcanic; 
as are also the Marquesas, the Gallipagos, the New Hebrides, 
and Gambler's Islands. Juan Fernandes is composed wholly 
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of basaltic greenstone. The South ShetlaiK] and Orkney Isl- 
ands are made op of primary rocks, along with those of more 
recent igneous origin. The coral Islands are Elizabeth Island, 
Whitsunday, Queen Charlotte, Lagoon, Egrenaont, &c. &c. 
The shores of nearly all the volcanic islands are lined with 
coral. 

Antarctic Continent, 
Descr. Concerning this new continent, discovered on the 
19th of January, 1840, by the United States Exploring Expedi- 
tion, there is but little to say. Although Capt. Wilkes sailed 
along the coast 70 degrees, or 1300 miles, in about 66 degrees 
south latitude, he was unable to land : but he describes some 
part of it as composed of " black volcanic rocks" and high 
mountains; and from an iceberg he collected specimens of 
quartz, sandstone, and conglomerate. The French Exploring 
Expedition obtained from this continent granite of various colours. 
These few &ct8 afford us some glimpses of the geology of this 
new world, and show us that probably it is analogous to that of 
other regions of the globe. New York Mercury j July^ 23d. and 
Sept. 17th. 1840. 

AFRICA. 

Egypt. 
Descr. The southern part of this country is primary ; con- 
sisting of granite, syenite, and other primary rocks. The feld- 
spar in the granite and syenite is red, and the rock has been 
used for many of the monuments of Egypt, as Pompey's Pillar, 
Cleopatra's Needle, &c. Syenite took its name from one of 
these localities, near Syene. North of Syene succeeds a region 
of sandstone, which appears to belong to the more recent of 
the secondary rocks. This is succeeded by the limestone tract, 
which reaches from Thebes several days journey south. 
Between Thebes and the Mediterranean, the country is wholly 
alluvial. On the west side of the Nile are the most remarkable 
examples of dunes that are known. 

NuMa and Abyssinia, 
Descr. Of the latter country nothing of importance is known 
respecting its geology, though some gold has been found, and 
large quantities of salt are obtained from a large plain ; perhaps 
the site of a former salt lake. In Nubia, travellers mention 
granite, syenite, porphyry, sandstone, and limestone ; and for- 
merly mines of gold were wrought there. 

Barbary or Northern Africa. 
Descr. The greater part of northern Africa is a level sandy 
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plain. But the chain of mount Atlas extends nearly across the 
whole of Barbary from west to east, and rises to the height of 
13000 feet. Its higher parts are composed of granite, gneiss, 
mica slate and clay slate. The northern part of the chain is 
composed, in a great measure, of calcareous rocks, resembling 
the lias, though sometimes approaching the transition lime- 
stones. Secondary sandstones also occur, and above these, ter- 
tiary strata. Among the secondary and tertiary formations, 
trap rocks are included. Salt springs and gypsum are found. 

Western Africa. 
Descr. This embraces the west coast of Africa, from the 
river Senegal in 18^ north latitude, to the river of Benguela in 
18° south latitude. Little is known of its geology. The hills 
around Sierra Xieone are granitic. The district through which 
the river Zaire flows, is composed of gneiss, mica slate, clay 
slate, primary limestone, granite, syenite, and queenstone. Not 
a little gold (estimated in the beginning of the last century 
from 200.000 to 300.000 pounds sterling annually,) is obtained 
from the interior, especially along the Gold Coast, and at the ' 
head of the Senegal and Gambia rivers. In Angola are very 
extensive deposits of salt, and some iron and copper. 

Southern Africa. 
Descr. The southern part of Africa is' crossed by three 
ranges of mountains, running parallel to the coast ; the height 
increasing towards the interior, till the innermost range rises 
10.000 feet. North of these mountains are extensive table 
lands. The rocks composing these mountains are gneiss, clay 
slate, graywacke, quartz rock, and sandstone. Sandstone is 
most abundant ; and this forms most of the rock in the table 
land beyond the mountains, as far north as 30° of latitude. Its 
strata are usually horizontal ; and they give a tabular shape to 
the summits of the mountains. Table Mountain at the Cape 
of Good Hope, is formed in this manner. Through these rocks 
are^ found protruding masses of granite, as well as basalt, pitch 
stone, and red iron ore. The relative situation of all these 
rocks is the same as in Europe. 

Eastern and Central Africa^ and Sahara^ or the Great 
Desert. 

JDeacr. Nothing appears to be known of the geology of the 
eastern side of Africa. Of Central Africa, which is traversed 
by the mountains of the Moon, much more is known. The more 
elevated parts consist of gneiss, mica slate, quartz rock, horn- 
blende rock, clay slate, and limestone; traversed by granite, green- 
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stone, and other trap rocks* At Goree are fine examples of ba« 
saltic columns. Extensive beds of rock salt are quarried in 
Soudan, and salt and natron lakes occur. It is also from this 
country, than most of the gold carried to the Western and the 
Eastern Coast is obtained. The Great Sahara or Desert, is 
chiefly covered with quartzose and calcareous sand ; and is 
the most desolate region on the globe. Occasionally, however, 
the rocks rise through the sand, and are found in the eastern 
part to consist of limestone and sandstone, containing rock salt 
and gypsum, and traversed by trap rocks. Where the Sahara 
reaches the coast, the rocks are chiefly basalt. 

African Islands* 
Descr. A large proportion of the islands around Africa are 
volcanic, and are composed of lava or basalt. Of this de- 
scription are the Azores, the Canaries, where the volcanic 
peak of Teneriffe rises to the height of 12000 feet: also the 
Cape Verd Islands, St. Helena, Bourbon, &c. 

AMERICA. 

Deer, The longest chain of mountains on the globe, and 
with one exception the highest, traverses the whole length of 
this continent near its western side. In South America it is 
called the And^s : on the isthmus of Panama it sinks into a 
comparatively low ridge : but rises into the table land of Mex- 
ico and Guatimala, 6000 feet high ; and some conical peaks 
shoot up much higher. Beyond Mexico this chain is prolonged 
in the Rocky Mountains ; which rise in some places about 12- 
000 feet. This chain continues nearly or quite to the Northern 
Ocean. Parallel to the Atlantic, the Appalachian, or Allegany 
Mountains traverse the U. States, rarely rising more than 6000 
feet and usually not more than 2000 or 3000 feet. Detached 
branches from these mountains extend irregularly into Canada, 
Labrador, and around Hudson's Bay. The mountains which 
form the West Indies, may be regarded as the southerly pro- 
longation of the Alleganies. Beyond the delta of Orinoco, they 
appear again in numerous ridges in Guiana and Brazil, extend- 
ing to the La Plata. 

Descr. America is distinguished by vast plains as well as 
grand mountains. One of these lies along the Atlantic, of va- 
riable width, through the whole of the United States, extend- 
ing to the Appalachian ridge, and occupying a wide extent 
through the whole of South America. A similar plain, but 
much narrower, occupies the western side of the continent* 
But the most extensive plain is the vast region lying in North 
America between the Appalachian chain and the Rocky Moan- 
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tains. Another, almost equally vast, occurs in the heart of 
South America. In its northern part is a vast expanse along 
the Orinoco : and in the southern part, are the immense Pam- 
pas of La Plata. 

South America. 

Descr, The basis of the vast chain of the Andes is com- 
posed essentially of gneiss and granite : but these are covered 
by an immense deposit of ancient volcanic rocks ; such as py- 
roxenic porphyries, diorites, basalts, trachytes, with wacke-like 
conglomerates. The elevated table lands in the vicinity of this 
range, are covered in a measure by fossiliferous limestone, 
which occurs from 9000 to 14.000 feet above the ocean : and 
by new red sandstone, embracing ores of copper and gypsum. 
The lower table land is covered by diluvial detritus, embracing 
gold. The mountains in the central parts of America, lying 
east of the principal Cordilleras, are in a measure composed of 
various slates, with quartz rock and sandstone : the central 
axis being usually primary, and the slopes the older secondary. 
The plains between the different chains are extensively covered 
by tertiary strata. These strata, with white marl analogous to 
the lower chalk, and a sand like the green sand, are well devel- 
oped on the shores of Patagonia, Indeed, the chalk formation 
has an immense developement in South America, and rises in 
some places nearly to the height of 13.000 feet. DeBuch^s 
Petrifications receuillies in Amerique, ^c. p. 18. In Brazil, gran- 
ite frequently abounds in the lower parts of the country, as well 
as in the mountains, where it is associated with nearly every 
other stratified and unstratified rock of the primary group. In 
short, nearly every stratified and unstratified rock on the globe, 
from the oldest to the newest, from granite to lava, and from 
gneiss to alluvium, are developed in South America on a mag- 
nificent scale, and occupy the same relative position as in other 
parts of the globe. Humboldt on the Superposition of Rocks : 
Rozet^s Geologie, p. 625. 

Descr. South America has long been celebrated for its mines 
of gold, silver, platinum, and diamonds. In Chili the annual 
produce of the gold and silver mines is about $8,500,000. More 
than a hundred copper mines exist, and are much more profit- 
able than those of gold and silver. Mines of quicksilver, 
lead, tin, iron, and antimony, also exist there, as well as deposits 
of nitre, rock salt, and coal. But mining operations are at 
present in a wretched state ; owing to wars and political con- 
vulsions. 

Descr. Brazil is most celebrated for its gems, especially its 
diamonds. These are mostly explored in the beds of river by 
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washing the soil. Upon the first discovery of these mines, they 
sent forth a thousand ounces of diamonds ; which affected the 
market powerfully. At present the annual produce is ahout 
22.000 carats ; or 183 ounces. The Brazilian topazes and 
emeralds are very fine, as well as the chrysoberyl, amethyst and 
quartz crystals. Gold also is sought after with succ^s in the 
auriferous sands; Copper ores are likewise abundant ; and de- 
posits of common salt and nitre occur. 

Descr, Colombia affords some diamonds ; also emeralds, 
sapphires, hyacinths, precious garnets,turquoises, and amethysts. 
Great expectations have also been excited respecting gold and 
silver ; but from 1810 to 1820, only $2,000,000 were annually 
coined from the native metal : but much more might be obtain* 
ed with proper management. Copper and quicksilver mines 
are wrought, as well as tin and rock salt ; the latter yielding a 
revenue of $150,000. 

Descr, Peru, including Bolivia or Upper Peru, is perhaps 
the most remarkable region on the globe for the precious metals. 
Gold, silver, and mercury, are the most important. The silver 
mountain of Potosi alone, yielded in 225 years, no less than 
$1,647,901,018 : and yet but a small part of it has been exca- 
vated : the whole mountain being a mass of ore : and it is 18 
miles in circumference. One mine of quicksilver is 70 feet 
thick, and formerly yielded an immense amount. The other 
mines of gold and silver are very numerous ; but their produce 
is much less than formerly, on account of the imperfect manner 
in which they are wrought. There are also mines of copper, 
lead, tin, and rock salt. Most of the mines are situated in the 
eastern range of the Andes, which consists of mica slate, syenite, 
porphyry, new red sandstone, and oolite* 

West Indies* 

Descr. These islands appear like the fragments of a former 
continent ; and most of them contain mountains, which, in 
Cuba, Hayti, and Jamaica, rise to the height of 8000 or 10,000 
feet. The highest mountains in Cuba are mica slate, and 
through the secondary formations of the lower regions, project 
gneiss, granite, and syenite. Veins of gold, silver, and copper, 
also occur here, and coal exists in a vein, — ^which is a very rare 
occurrence. {Philosophical Magazine^ Vol 10, p* 160.) In 
the south part of Hayti is a mountain of granite. The highest 
part of Jamaica is composed chiefly of graywacke with trap 
rocks. Upon these lie red sandstone, marl, and limestone, with 
trap and porphyry ; the whole covered by diluvium and alluvi- 
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um. The eastern part of the Caribbean Group, as Tobago, 
Barbadoes, Antigua, Bermuda, &c. are principally composed 
of limestone, probably tertiary. Antigua has been described 
minutely by Dr. Nugent, ( Tramactions of the Geological So^ 
detyj Vol. 6.) and more recently by Prof. Hovey, (American 
Jownal of Science^ Vol 35, |>. 75.) It consists of graywacke, 
{indurated clay of Prof. Hovey,) recent calcareous deposits, and 
trap. Lying above the graywacke, is a sin^lar siliceous de- 
posit embracing an immense number of silicined trees of every 
size, up to 20 inches in diameter ; along with vast numbers of 
shells. These form most splendid agates, and admit of a high 
polish. ( See fine specimens in Prof Hovey^s Cabinet bequeath- 
ed to Amherst College*) 

Descr. Prof. Hovey has also given an interesting account 
©f the geology of St. Croix. (Am. Journal of Scienccj Vol 35, 
jp. €4.) He finds there the same stratified formations as occur 
in nearly all the West' India Islands ; viz. graywacke, and ter- 
tiary and alluvial limestone ; but unstratified rocks are wanting. 
The tertiary strata consist mostly of limestone, more or less 
indurated, and abounding in shells and corals ; many of which 
are identical with those now living on the ocean. A similar 
deposit is now forming upon the shores : and it was in this 
recent deposit that the human skeletons, now in the British 
Museum and Garden of Plants, were found. (Numerous speci*- 
mens of the rocia and fossils of St. Croix and Antigua may be 
seen in Prof. Hovey's Collection above referred ta) 

Descr. The western parts of the Caribbean Islands, are 
mostly vofeanic: such as Grenada, St. Vincent, St. Lucia, 
Martinique, Dominica, Guadaloupe, Montserat, Nevis, St. 
Christophers, and Jamaica. On some of these islands no erup- 
tion has occurred within the historic period : but craters are 
visible, and trachy tic and basaltic rocks are common. 

JDescr. Trinidad is a continuation of the continent, and 
consists mostly of primary rocks. The famous Pitch Lake, 
three miles in circumference, has already been described. 

Guaiimala and Mexico. 

Rem. The geology of Guatimala is very similsgr to that of 
Colombia, on the south, and of Mexico on the north : being in 
fact the same as that of the Andes generally ; and, therefore, in 
thisbrief sketch nothing farther need be added, except to say 
that this country contains mines of silver and of sulphur. 

Descr, Mexico consists mainly of a vast and very elevated 
table land ; being in fact a flattening down of the Andejs on the 
28 
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fKHith, and the Rocky MotrntaiDs on the north. This yast plain 
1500 miles over, is occasionally diversified by an derated insu- 
lated peak, which is often a Tolcano, recent or extinct. The 
basis of the country seems to be primary rocks ; such as gneiss 
and granite ; but its upper portion is covered with porphyry and 
trachyte. Secondary sandstone and limestone also occur. A 
line of volcanos, of which there are five principal vents, traverses 
Mexico firom east to w^st, about in the latitude of the capital. 

Descr. The rocks of Mexico are rich in gold and silver, 
particularly the latter. They occur in veins traversing clay 
slate and talcose slate, transition limestone, graywacke, and 
porphyry. New Spain yields annually 1.541.015 pounds Troy 
of silver : or two thirds of the silver which is obtained on the 
whole globe ; and ten times as much as is produced by all the 
mines of Europe. The number of mines is 3000. The quantity 
of gold annually obtained is only 4315 pounds Troy. Tin, cop» 
per, lead, mercury and iron, are mined in Mexico to some 
extent, and the ores are abundant. Beds of rock salt occur on 
the Rio Colorado. 

Westerly and Northerly Regions of America* 

Descr^ The re^ons embraced under this name are those 
lyine west of the United States and north of the Canadas. The 
Rocky Mountains, which are a prolongation of the Cordilleras 
of South America, are the principal chain, and are composed 
of primary rocks with extensive secondary deposits upon their 
sides, among which are clay slate, graywacl^ and limestone. 
On Mackenzie river, brown coal occurs in tertiary clay. The 
coast of the Arctic Ocean, from Cape Lyon to Copper Mine 
river, is composed of clay slate covered by trap rocks ; and 
most of this northern region is strewed over by bowlders of 
limestone, granite, porphyry, greenstone, &c. 

Descr. Melville Isknd, in latitude 74d. 26m. north, is 
composed of sandstone, probably of the coal formation, with re* 
mains of coal plants of a tropical character. Around Hudson's 
Bay, are found ^1 the great classes of rocks, except the ter- 
tiaiT ; and almost every other variety found in the other parts 
of North Anletica. 

Descr, No part of the extensive regions above described ap* 
pears to be truly volcanic, except a strip between the Rocky 
Mountains and the Pacific Ocean. Whether any recent volca* 
BOS exist there, may be doubtful : but genuine lava is brought 
firom thence, as well as trachyte, and other volcanic productions ; 
and immense deposits of basalt, massive and columnar^ are found 
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«laQg the principal rivers. Volcanic mounds, cracked at the 
top, and surrounded by fissures, are numerous over the whole 
region. This is prolmbly a continuation northward of the great 
volcanic chain of the Cordilleras of South America and Mexico. 
DescT, The mineral treasures, of this redon have been but 
imperfectly explored. Near the head of Salmon River, on the 
west side of the Rocky Mountains, Rev. Mr. Parker saw a bed 
of pure roQk sak, among strata which he says resemble the 'de- 
scription of those at Wieliczka in Poland. He used the salt 
and found it good. The great salt lake in the same region &r- 
ther south, contains so much salt that it is^ deposited in large 
quantities on the shore. Epsom salts occur also, on both sides 
9^ the RocW Mountains, in thick incrustations in the bottom of 
ponds, which have been evaporated in the summer. Exploring 
Tour beyond the Rocky Mountains^ p. 328, second Edition^ Itha- 
cUj 1840. Beds of rock salt occur in other placet besides those 
mentioned above, west of the Rocky Mountains and of gr^t 
thickness. Prof. H. />. Rogers^ Report to the British Assodor' 
tion at the Fourth Annual Meeting. 

United States^ and British America* 

Rem. A more accurate idea can be given of the geology of 
this vast region, by considering the United States and the Brit* 
ish possessions as a single extended district. 

Descr. In proceeding southeastetly from the coast of Labra- 
dor, we meet ere long with ranges of mountains, at first not 
high, having a southwest and northeast direction. On the south 
shore of the St. Lawrence they become very elevated, forming 
in &ct the northeastern termination of the Alle^ny range. In 
the northern part of Maine they rise to the height of 5300 feet ; 
and in New Hampshire, (the White hills) 6234 feet. The west- 
em side of this range forms the eastern side of Lakes Champlain 
and George, and the valley of Hudson river. The range occu- 
pies all New England, and extends southwesterly into the mid- 
dle and southern states, crossing the Hudson at the Highlands : 
and in Pennsylvania, Maryland, Virginia, North Carolina, South 
Carolina, and Tennessee, forming several parallel and lofty ran- 
ges of mountains ; four of which are sometimes reckoned ; dis- 
tinguished as well by their physical features, as by their geolo- 
gy. The most easterly, Prof. Rogers denominates the Eastern 
System of mountains : the next in order, the Blue Ridge System : 
the third the Appalachian^ and the last the Allegany System*. 
They rise in Black Mountain in North Carolina, to the height of 
6.476 feet, and in Roan Mountain, 6.234 feet. 
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Descr. On the north shore of the St. Lawrence, are two 
ranges of mountains running parallel to the river; one at the 
distance of 15 or 20 miles, and the other 200 miles distant. On 
the west side of Lake Champlain, is a remarkable deyelopement 
of these mountains, in Essex county in New York ; where they 
rise to the height of 5.400 feet. From Essex County these 
mountains stretch to Kingston in Upper Canada, where tfiey be- 
come blended with another low range, which has been traced 
along the northern shores of Ontario and Huron, and to the west of 
Superior, and probaby extends nearly or quite to the Rocky 
Mountains. These latter mountains form the western boundary 
of the region under consideration. 

Descr. The vast region of comparatively level country Be- 
tween the Rocky and Allegany Mountains, forms the valley of 
the Mississippi, which extends from the center of Alabama, pro- 
bably to the Artie Sea ; being not less than 2000 miles long and 
1200 miles broad, and embracing more than 2.500.000 square 
miles. At its southern extremity, this valley unites with the 
Atlantic Slope. This slope is several hundred miles wide at 
its southern extremity, but becomes gradually narrower until it 
terminates at New York ; with the exception of Long Island, 
Nantucket and Martha's Vineyard. 

Descr. The way is now prepared for explaining the simple 
and grand outlines of the geology of this wide region. All the 
mountainous region east of Hudson River, even to Labrador, 
with some few exceptions to be noticed subsequently, is com- 
posed of primary rocks : such as gneiss, mica slate, talcose slate, 
quartz rock, and limestone ; intersected and upheaved by gran- 
ite, syenite, porphyry, and greenstone. South of the Hudson, 
this primary range is continued, as the Highlands, through New 
Jersey and Pennsylvania, where it terminates. Its southeast- 
ern border passes near New York City, including Staten Island, 
and extending to Perth Amboy. Here it is covered by red sand- 
stone, until near Trenton it reappears and forms a second band 
of primary rocks, parallel to that just described as terminating in 
Pennsylvania, and separated from it by a trough of red sand- 
stone. This most easterly belt, from 80 to 100 miles wide, 
ranges through Virginia, North and South Carolina, and Geor- 
gia, as far as Alabama river, where it passes beneath the alluvi- 
um of the Mississippi valley. On the southeast side, these 
primary rocks are covered by the cretaceous and tertiary strata 
of the Atlantic slope. 

Descr, The mountains of Essex County, on the west of 
Lake Champlain, are composed chiefly of Labrador felspar 
and hypersthene rock : similar to the rocks in the northern part 
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of Lower Canada, and the coast of Labrador : and a similar 
rock is found north of the lakes in Upper Canada : and occupy- 
ing a large space south of Lake Superior in the western penin* 
sula of Michigan ; so that probably they may form a connected 
range almost to the Mississippi. Nearly all the rocks in Upper 
Canada appear to be primary. 

DescT. It appears then, that the great central basin of the 
United States is surrounded by primary rocks, except on the 
north and south. The rocks which rest on the primary over 
most of this vast area, consist of clay slate, transition limestone, 
and the varieties of that group usually denominated graywacke. 
Mr. Conrad and Vanuxem are of opinion, that the recent divis- 
ions of this group^ can easily be distinguished here, especially 
the Silurian. Professor H. D. Rogers points out eleven differ- 
ent varieties of these rocks below the coal measures, whose 
aggregate thickness is more than 5.5 miles : yet obviously all 
belonging to the same geological formation : that is, deposited 
during &e same geological period. These rocks constitute all 
the ranges of the Allegany mountains that have been described, 
except the Eastern System of mountains which is primary. 

Descr. It is a remarkable fact, that while in Europe gypsum 
and rock salt are usually found in the new red sandstone group 
lying above the poal measures, in this country gypsum and brine 
springs, so &r as ascertained, are universally situated in the rocks 
beneath the coal formation. 

Descr. Very recently, for the first time in the United States, 
a bed of rock salt has been discovered, 18 miles from Abingdon 
in the southwest part of Virginia. It was struck in digging a 
well for salt water. Soil and rock were penetrated 50 or 60 feet, 
then a bed of gypsum 160 feet thick, and next the salt which 
was found to be 60 or 70 feet thick. The rocks embracing the 
gjrpsum and the salt are sandstone and marly clay. Am. Journ. 
Scl Vol. 41. p. 215. /tt/y, 1841. 

Descr. It seems now to be well ascertsined that the carbonife- 
rous or mountain limestone is developed on a vast scale in our 
western states : that it extends westward from Pennsylvania, at 
least to Fort Leavenworth on the Missouri river, and northward 
to the Falls of St. Anthony on the Mississippi. 

Descr, In many parts of the vast deposit of transition rocks 
that have been described, a regular coal formation rests upon 
them ; and it is a singular fact, that the coal along the south- 
eastern part of the great valley of the Mississippi, is usually 
destitute of bitumen ; and as we recede from the primary strata, 
it becomes more and more bituminous.- 

Descr. Some of these coal deposits are among the largest 
28* • 
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yet discovered in the world. The anthracite deposit of Potts* 
ville, is 60 miles lone and ahout five broad : that of Shamokin, 
commencini near Lehigh, is of the same length and width : and 
that of Wilkesbarre, is 40 miles long and two miles broad. In 
some instances a single seam of coal in these strata is 60 feel 
thick ; and near the middle of the valley, between the Sharp 
and Broad Mountains, no less than 65 seams have been counted. 
The bituminous coal field, embracing the western part of Penn-> 
sylvania, and a part of Ohio, extends over an area of 24000 
square miles : the largest accumulation of carbonaceous matter 
probably in the world* In feet the bituminous coal measures 
can probably be traced almost continuously, firom Pennsylvania 
to the Mississippi, and even into Mbsouri,200 miles west of that 
river. Indeed, coal exists on the eastern slope of the Rocky 
Mountains : and it would not be strange if this should be found 
to be the western outcrop of coal bearing strata, whose eastern 
extremity is in Pennsylvania. At any rate, it is certain that 
extensive seams of bituminous coal exist in Pennsylvania, 
Virginia, Ohio, Indiana, Illinois, Michigan, Tennessee, Alabama^ 
and Missouri. The world cannot furnish a parallel to this inw 
mense mass of carbonaceous matter, to say nothing of the small- 
er deposits in Henrico, Chesterfield, and Prince Edward Coun* 
ties in Virginia ; those in Nova Scotia and New Brunswick ; 
and that of anthracite in Rhode Island and Massachusetts. 
The identity of nearly all these formations with the coal 
measures of Europe, seems now to be pretty satisfactorily made 
out. 

Deacr^ It has been intimated that there are some excep- 
tions to the general statement that the whole country between 
Hudson river and Labrador is Drimary. Thus, along the St. 
Lawrence is a deposit of black fossiliferous limestone. All 
the northern part of Nova Scotia is composed of secondary 
sandstone, embracing gypsum and salt springs, with overlying 
trap, and underlud by clay slate ; while between the sandstone 
and the slate are coal measures. Coal is also found in the inte- 
rior of New Brunswick, along with graywacke and clay slate ; 
but how extensive are these formations it does not yet appear. 
In the eastern part of Maine, fossiliferous rocks occur. In 
Rhode Island and the eastern part of Massachusetts, are inter- 
rupted patches of a rock of the lower secondary series, contmn- 
ing anthracite. In the vcdley of Connecticut river also, strata 
of red sandstone occur, with potruding greenstone. 

Descr. In going south of the Hudson river, the same red 
sandstone just described, as occurring in Nova Scotia, Maine, and 
the valley of Connecticut river, appears in New Jersey j where 
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it foims a wide belt southeast of the Highlands. Thence it pass- 
es through Pennsylrania, from Buck to York Counties : thence 
into Frederick County, in Maryland ; thence into Virginia ; 
thence into North Carolina ; and probably still farther south. 
Throughout the whole extent of this deposit, from Nova Sco- 
tia to Virginia, ores of copper, bituminous shale and limestones, 
and protruding masses of greenstone, are associated with it. 
In Virginia the deposit appeared to be eminently calcareous ; 
and one of its loiyest beds is the well known brecciated Potomac 
marble. 

Decsr. I have for many years been in the habit of regarding 
this rock as the equivalent of the European New Red Sand- 
stone Formation ; and have so named it in my Reports on the 
Geology of Massachusetts. The geologists of our country, 
however, have generally hesitated to adopt this opinion : though 
they admit that this deposit belongs to the newer secondary 
strata. But the more I examine, me stronger evidence I find, 
that it is the new red sandstone. There is not room in this work, 
to state fully the grounds of this opinion. But the main argu- 
ment is as follows. Prof. W. B. and H. D. Rogers seems to 
have shown, that this rock in New Jersey, Pennsylvania and 
Virginia, lies above the coal formation. Now in Massachusetts, 
Connecticut, and New Jersey, fossil fishes have been found in it 
with heterocercal tails, of the genus Palseoniscus. Hence, ac- 
cording to Agassiz, this rock must be older than the oolite : be- 
cause fish with such tails do not occur as high as the oolite. If, 
therefore, this formation lies above the coal formation, and be- 
low the oolite, it must be the new red sandstone. 

Descr, Prof. W. B. Rogers has found a sandstone in Vir- 
ginia, which may be of the same age as the European Oolite, and 
Mr. Conrad has recently announced the existence of well char- 
acterized and undoubted oolite in Ohio. Repwt on the New 
York Survey y for 1841. But no where else in this country has 
this formation been identified. Very extensive strata occur, 
however, which have been referred by our geologists,on account 
of their organic remains, to the cretaceous group. They are 
entirely wanting in chalk, which gives the name to the Euro- 
pean series ; and consist in this country ,ofsands,sandstones,marls9 
and limestone. In New Jersey, Delaware,and Maryland,they are 
characterized by the green sand, which is so valuable as a fer- 
tilizer. Farther souui they consist almost wholly of marls and 
limestones. From these strata Dr. Morton has enumerated t08 
species of Zoophyta, mollusca, and echinodermata : only one 
of which is common to this country and Europe. But there is 
such a resemblance between the genera, and those of the chitt. 
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that it is supposed the rocks must belong to the cretaceous pe- 
riod. Several interesting genera of saurians, tortoises and fishes, 
also occur in these rocks ; among which are the plesiosaurus, 
ichthyosaurus, mososaurus and the batrachiosaurus. Among the 
fishes are several species of sharks ; some of which are common 
to the chalk of England. 

Descr, The cretaceous rocks of this county probably com- 
mence as far east as the islands of Nantucket and Martha's Vine- 
yard, which they may underlie, as well as Long Island ; although 
hidden by drift and tertiary strata. They occupy a wide belt 
of country from New Jersey to Alabama ; and much surface, 
also, in Mississippi, Louisania, Tennessee, Arkansas, and accord- 
ing to M. Nicollet, extends from Council Bluffs on the Missou- 
ri 1000 miles along that river to the mouth of the Yellow Stone. 

Descr. The principal tertiary deposits of the United States 
occur along the Atlantic coast of the southern states to the south- 
east of the cretaceous rocks just described. These tertiary 
groups, however, commence as far east as the island of Martha's 
Vineyard, on the coast of Massachusetts ; where they are well 
developed, and seem to belong to the eocene period. They next 
appear in the southeast part of New Jersey ; from whence they 
extend almost continuously through the eastern portions of Dela- 
ware, Maryland, Virginia, and North Carolina ; and in inter- 
rupted patches through South Carolina, Georgia, Alabama, Mis- 
sissippi, and Louisiana. Mr. Conrad and others suppose that 
they are able to distinguish in this vast area of our tertiary form- 
ations, the three groups which are .recognized in Europe ; viz. 
the Newer Pliocene, the Miocene, and the Eocene. The post 
tertiary also with shells of a highly arctic character, has 
been recognized in N. York and Canada. 

Descr. The tertiary rocks of the United States occupy nearly 
all the level parts of the southern states, east of the Allegany 
range, and the southern part of the Mississippi valley. Hence 
welearn that they are of vast extent. 

Desqr, The drift of the United States has already been suffi- 
cientfy described in Section VI. 

Descr, The most extensive alluvial deposit in this country is 
the Delta of the Mississippi. But similar deposits exist along 
the banks and at the mouths of all our larger streams. 

Descr. Either in alluvium or drift, the following extinct spe- 
cies of the higher orders of mammalia have been found. Ele- 
phas primigenius occurs in Kentucky, South Carolina, New Jer- 
sey, Maryland, and Mississippi : mastodon maximus in Kentucky, 
New York, Virginia, New Jersey, Connecticut, Mississippi, 
Ohio, Indiana, and most of the western states : megatherium on 
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Skiddaway Island, coast of Georgia ; megahmyx in Virginia and 
Kentucky ; several species of ox in Kentucky, and Mississippi ; 
eervus omericannsj or fossil elk, in Kentucky, and New Jersey t 
wakus m Virginia. Mr. Cooper estimates that the specimens 
already carried away from the Big Bone Lick in Kentucky, must 
have belonged to 100 skeletons of mastodon, 20 of the elephant, 
one of the megalonyx, 3 of the ox, and 2 of the elk. He is of 
opinion that these remains occur in diluvium. But at some 
other localities it is not improbable they may have become ex« 
tinct still more recently. 

Deaer, No evidence of volcanic agency in this country east 
of the Rocky mountains, since the protrusion of greenstone, has 
yet been found. Pumice does indeed float down the Missouri 2 
but it probably comes from the Rocky mountains. Thermal 
springs also occur on the western borders of Massachusetts ; and 
near Seneca fells in New York: and Dr. Daubeny considers the 
mineral springs at Ballston and Saratoga as thermal ; likewise 
numerous and abundant springs west of the Blue Ridge in Vir- 
ginia, whose maximum temperature is 102^ F : in Buncombe 
county, North Carolina, witn a temperature of 125^: in Arkan- 
sas near the river Washita, 200 miles west of the Mississippi, 
where are not less than 70 springs with a temperature from 1 18® 
to 148*^. Dauhenyh Sketch of the Geology of North America^ 
Ox/ord, 1839, p. 69. 

bescr. The mineral resources of the United States and 
the British Possessions have as yet only begun to be developed. 
The most important mineral in an economical point of view, is 
coal ; but the extent of our coal fields and mining operations 
has already been given on pages 63 and 329. Details respect- 
ing the brine springs of the Western States and Upper Canada 
have likewise been presented on page 190. The coast of Mas- 
sachusetts and Maine furnishes a vast supply of beautiful granite. 
Vast deposits of the most beautiful porphyry also occur in 
Massachusetts, and of serpentine and steatite in various states ; 
as well as inexhaustible supplies of primary and transition 
marbles. 

Descr. An extensive deposit of gold exists in the primary 
range of strata extending from the river Coosa in Alabama, to 
the Rappahannock river in Virginia. The metal occurs in 
veins of porous quartz, traversing gneiss, mica slate, and espe- 
cially talcose slate. It is found also in the detrital deposit cov- 
ering the rocks. Silver has sometimes been found in connec- 
tion with the gold, as well as lead and copper. Even as far 
north as Somerset in Vermont, gold occurs in the quartz tra- 
versing talco-micaceous slate : and probably it exists in the space 
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intermediate between this {dace and Virginia. The value of 
cold sent to the mint from the gold region of the United States 
from 1823 to 1836, was 4.377.500 dollars; and it was thought 
that this was not more than one half of the actual product of Uie 
mines. 

De$cr. In the northwest part of the United States occurs one 
of the most remarkable deposits of lead in the world. The rock 
containing it is the carboniferous or mountain limestone ; the 
same that is so rich in lead in Great Britain. The extensive 
length of this lead region, from east to west, is 87 miles, and its 
greatest breadth, 54 miles ; covering about 80 townships, or 
2880 square miles. It lies chiefly in Wisconsin ; embracing a 
strip of eight townships in Iowa, and ten townships in Illinois. 
In 1839, it produced 30 million pounds of lead; and is probably 
capable of yielding 150 million pounds annually ; or more than 
is obtained in all Europe. Lead exists also in considerable 
quantity in other parts of the United States ; as in Hampshire 
County, Massachusetts, in Rome, New York, &c. Dr. Owen^s 
Report on the3Iineral Lands of the United States j 1840. 

jDescr. The same region at the West that yields the lead, is 
also rich in copper ore, which has not yet been so extensively 
worked as the lead, for want of a market. At the Mineral Point 
Mines, however, upwards of a million and a half poundi? of cop- 
per ore have been raised. ( Owen^s Report j p, 40.) Great quan- 
tities of zinc occur also in the same region ; although neglect- 
ed : — and the same metal is usually associated with galena 
throughout the country. 

Descr. Another remarkable deposit of copper exists in the 
western part of Michigan, on the south shore of Lake Superior. 
South of this district, masses of metallic copper have been found 
in the drift over an area of several thousand square miles. A 
single mass on the Ontonagon river, contains about four tons of 
copper. Dr. Houghton has recently ascertained that these frag- 
ments are derived from veins of native copper, with the gray 
and red oxides, carbonate, silicate, and other ores, traversing 
greenstone, amygdaloid, and an overlying conglomerate, very 
probably a member of the new red sandstone series. These veins 
have not yet been explored at all : but will probably be very 
rich and productive. l)r. Houghton^s Report on the Geology of 
3Hchigan,for 1841. 

Descr, Copper, both native and as ore, is common in the trap 
and new red sandstone in Massachusetts, Connecticut, New Jer- 
sey, Virginia, &c. but it has not yet been extensively explored. 
Tin has been found in small quantity in Massachusetts, Con- 
necticut, and New Hampshire ; but not in workable quantity. 
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Desert The deposits of specular iron ore in Missouri, are 
timong the largest on the globe. They are connected with por- 
phyry, and are separated from the metalliferous transition lime- 
istone of that region, by a deposit of gr^ite with trap dykes, six 
miles in width. Pilot Knob, which rises 500 feet, is partly, and 
the Iron Mountain, 300 feet high, and 2 miles in circumference, 
is entirely composed of this ore. Vast deposits of iron ore exist 
also in the northern parts of New York ; and sufficient for pres- 
ent use Is found in almost every part of the country. The pri- 
mary regions of New England, New Jersey, and Pennsylvania, 
abound especially in the magnetic oxide. In 1830, the quan- 
tity of pig and bar iron manufactured in the United States was 
304.396 tons : which since that time, has been greatly increas- 
ed. In Nova Scotia are valuable mines of iron. 

Descr* The gems or precious stones of this country have 
as yet excited but little attention, because the expense of cut- 
ting them here is so much greater than in Europe. Hence we 
cannot say, in many cases, whether our localities will furnish 
elegant specimens or not. It may be well, however, to mention 
the most important. It has been often stated that the diamond 
has been found in North Carolina. {Feutchtwanger^s Treatise 
on Gems J p. 67.) The blue sapphire occurs in Orange County, 
New York, in New Jersey, North Carolina, and Connecticut : 
the chrysoberyl at Haddam in Connecticut, and in Saratoga 
County, New York ; the spinel, especially the blue variety 
in Orange County, New York ; as well as in Massachusetts : 
the topaz at Monroe in Connecticut, in great quantity, but 
coarse : the beryl in a variety of places ; but pure enough 
for jewelry, at Royalston in Massachusetts, and at Haddam in 
Connecticut fat the former place a rare variety can hardly be 
distinguished from the chrysolite) : the zircon or hyacinth in 
the northern part of Vermont, in Canada, and North Carolina : 
the garnet in almost every part of the primary region of our coun- 
try ; and the pyrope especially, of great beauty, at Sturbridge 
in Massachusetts : the cinnamon stone, a variety of garnet, at 
Carlisle in the same state : the green and red tourmaline, of great 
beauty, at Paris in Maine ; also at Chesterfield in Massachu- 
setts ; limpid quartz at Little Falls and Fairfield in New York, 
and a multitude of other localities : the smoky quartz in a vari- 
ety of places ; as at Canton in Connecticut, Williamsburgh and 
Brookfieldin Massachusetts: the amethyst in Nova Scotia is very 
fine, and at Bristol in Rhode Island, and many other places : jas- 
per in a great variety of places : homstone and chalcedony of 
various sorts, forming agates, in the trap ranges of the eastern 
states, along the shores of Lake Superior, &c. ; chrysoprase at 
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New&nein Vermont: iolite at Ha^Ukun in Connecticut, and 
Brimfield in Massachusetts : adularia of various colors in Brini* 
field, Southbridge, &c. in Massachusetts : Labradorite in Essex 
County, New York, and hypersthene at the same place : kyanite 
at Chesterfield in Massachusetts : fluor spar in the northern part 
of New York ; Satin spar at Newbury, &c. precious serpen- 
tine at the same place : red oxide of titanium at Middletown in 
Connecticut, and Windsor and Barre in Massachusetts. 

General Inferences. 

, Inf. 1. Itappears that the axes of all the principal chains of 
mounlfuns on the globe, are composed of primary rocks, stra- 
tified and unstratified ; while the secondary series lie upon their 
flanks, at a lower level ; and the tertiary strata at a still lower 
level. 

Ifrf. 2. Hence a similar process of the elevation of conti- 
nents at successive epochs, has been going on in all parts of the 
world. 

/fl/1 3. Hence there is -every reason to believe that conti- 
nents once above the waters, have sunk beneath them, as those 
now above the waters were gradually raised : for since the quan- 
tity of matter in the globe has always remained the same, ita 
diameter cannot be enlarged permanently ; and therefore as one 
part rose, other parts must sink. 

It^. 4. Hence the geology of any district, that embraces all 
the principal groups of rocks, afibrds us a type of the geology 
of the globe. This is what we should expect from the uniform- 
ity and constancy of nature's operations ; and facts show that 
such is the case. 

Ifrf. 5. Hence we have no reason to expect, that new dis- 
coveries in unexplored parts of the earth, will essentially change 
the important principles of geology. Slight modifications of 
those principles are all that can reasonably be expected from fu- 
ture researches. 
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A. 

A\>7ssinia, geology of, 320 

Actjnolite Schist, 66 

Africa, geology of, 320 

, eastern and central, geolo- 
gy of, 321 

Agassiz, work on fishes, 298. His 
classification of fishes, 133 

Agassiz, his work on Glaciecg, 166 

his Glacial Theory of Drift, 

216, 219 

Age of rooks, how determined, 80 

Affency of man, 219 

Allegany Mountains, 329 

Alluvium defined, 34 

Alps, curved strata in, 38 

Alumina in the earth, 45 ' 

Alluvium, its lithological charac- 
ter, 52 

Alluvial Sandstone, conglomerate 
and Breccia, 56 

Algae, fossil, 108 

Aleutian islands, 233 

Ammonites in the strata, 103 
-sketch of, 129 



Amazon, delta of, 175 
America, geology of, 322. 



West- 



merica, geology ot, SGA. West- 
erly and NorUierly parts of, their 
geology, 326 

American geolo^, history of, 299. 
Geological society, 300. Geolo- 
gists, association of, 300 

Amygdaloid described, 75 

Anaesite described, 74 

Andesitic lava, 79 

Animals in the rocks, 117. Artic- 
ulated, 125. Ancient, many 
lost, 164. Adapted to the chang- 
ing condition of the earth, 279 

AaiBMtloola living, 122. Fossil, 183. 

2d 



Antartic Continent, geology of, 320 

Anoplotherium, 145 

Annularia of Mansfield, sketch of, 

114 
Anthracite, where found, 48 
Antigua, geology of, 325 
Antimony, its uses and position, 50 
Anticlinal axis, 33 
Apothemite described, 56 
Apteryx, 229 

Ararat, an extinct volcano, 243 
Arsenic, its ores and situation, 51 
Argillaceous strata described, 65 
Artesian wells, 188 
Arabian writers on geology, 293 
Arabia, geology of, 313 
Asia, ^eologv of, 313 
Asteroids nebulous, 268 
Asphaltum, 187 
Astronomy, apparent discrepancy 

of, with revelation, 290 
Avalanches, 167 
Augustine, his views of creation, 

288 
Auvergne, extinct volcanos in, 241 
Augite rock, 74. Porphyry, 74. 

And hornblende, their identity, 

69 
Axis folded, 36 
Azores, 322 

B. 
Babbage on the propagation of heat, 

25T 
Bailey, Prof., his discoveries te* 

specting fossil animalcula, 123 
Baltic^ its shores rising, 239 
Bannat, geology of, 312 
^ Barbary, geology of, 320 

I Basalt described, 74. Where 
U found, 47 

II Bed of rook defined, 15 
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fiaaamont Eliede, on the eleya- 

iion of moantaint, 157 
Beaumont'f theory of eletration. 

258 
Beachef , how formed, 181 
Becqaerel on metallic yeini, 274 
Beldam, geologj of, 308 
Belemnite, 130 
Belemnoflepia, sketch of, 131 
Benevolence of the Deity proved, 
M277 

Berzeliuf on Soils, 223 
Bismuth, iti ores, &c. 50 
Bitumen, 55 
fiirds, fossil, 142. Their tracks, 

142,150 
Bone caverns 143. Cavern in Ver* 

mont, 144. Buckland^s descrip- 
tion of, 143 
Bones of the fallen angels, 294 
Borings for water, 188 
Boston Harbor, sketch in, 181 
Bowlders defined, 57. Their sixe, 

201. In GUmcester, 201 
Bowditch, his opinion on internal 

heat, 253 
British America, ffeoloffy of, 327 
Brongniart, A. Ilis classification 

of rocks, 40. On the tertiary 

strata, 58 
Bronn's work's, 298 
Bruce, Dr, A., his ionmal, 299 
Buckland on metallic veins, 274 
Buffon's theoi^ of the earth, 296 
Burnet's do., ^5 
Bush, Prof., his exegesis of day^ 

285. Views of creation, 287 

C. 

Oilamites, sketch of. 111 

Calcareous tufa, 54 

Camel, fossil, 147 

Cape May, worn away, 179. Eli- 
zabethflight houses on, 181 . Ann, 
light houses on, 181 

Carbon in the earth, 45. Its vege- 
table ori^n, 49 

Caribbean islands, geolo^ of, 325 

Cataclysm of the Egyptian^, 293 

Catcott on the deluge, 296 

Cephalaspis, sketch of, 134 

Ceylon, geology of, 318 

Chambered shells, 128 

Changes improve the condition of 
the globe, 165 



Chemistry of geolo|rv, 44 

Chemical deposits, SS 

Chirotherium, tracks of; 152 

Chili, its coast elevated, 238 

China, geology of, 318 

Chlorite slate, 66 

Chlorine in the earth, 45 

Cipolin, 78 

Claystone, 73 

Claystones in clay, 19 

Claystone porphyry, 73 

Clay where found, 47 

Clay slate system described, 65 

Classification of rocks, 34. Prin^ 

ciples of, 42 
Cleavage, 21 

Cleaveland, Prof, his works, 300 
Climate of Eurc^, whether chan- 
ged, 220. Of early times tropical, 
106. Ultra tropical, 107. Gradu- 
ally sunk, 107 
Clinometer, 31 

Clinkstone, 73. Porphyry, 73 
Coal, its accumulation, 27^« Basin, 
sketch of, 49. Measures, 63. In 
Great Britian, 63. In the United 
States, 63. Where found in the 
rocks, 48. Its mode of oooor- 
rence, 48. Deposits of the XT. 
States, 329 
Cobalt, its ores and situation, 51 
Coincidences betweengeology and 

revealed religion, 281 
Columnar structure, 75 
Comets, their nature, 968 
Comparative anatomy, its use, 86 
Compact felspar, 73 
ConiferiB and Cycadee, 114 
Coniferous plants in the roeks^ 95 
Conchology defined, 128 
C<Hieretions of Iron ore, 19. Con- 
cretions in unstratified rocks, 29. 
At Sandy Bay, I9ahant and 
Worcester, 30 
Connecticut river, its bed, 175. 

Valley, 178 
Constancy of Nature, 166 
Consolidation of rocks, 225. In 
Pownal, Vermont* In West 
Stockbridge, Mass. ComwlUly 
Eng. and the coast of Aaia Mi- 
nor, 226 
Continents elevated from the sea, 
156. At different times, 156 
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Conybeare*fl classification of rocks, 
39 

Coprolites, 136 

Copper, its ores and situation, 50 

Coral reefs, 221, 53, 54. Their ex- 
tent, 221 

Cornean, 73 

Cosiguina, volcano of, 230 

Cosmogony, hypotheses of, 293 

Cotopaxi, lava thrown from, 232 

Cotta, Dr., on fossil foot marks, 
153 

Craters defined, 29 

Crater of elevation, 231 

Creation, progressive, 282. Of six 
days, 287. Numerous centers of, 
289 

Cretaceous system, 60. Of Egypt 

. and United States, 91. Rocks of 
U. States, 332 

Crinoideans, 118 

Croatia, geology of, 312 

Crocodile, fossil, 141 

Crustaceans, fossil, 125 

Crust of the globe, derived from 
animals, 165. Its thickness, 252 

Currents, oceanic, 182. Their ve- 
locity and effects, 183 

Cuttle fish, 131 

Cuvier on the tertiary strata, 58. 
His works, 298 

Cyclas, sketch of, 116 

D. 
Days of creation, supposed long 

periods, 284 
Dathe, 287 

J>aubeny, on thermal springs, 240 
Dead Sea, its origin, 231, 242 
Death before the fall,^0. Results 

from the ccmstitution of animals, 

290. Penal in the case of man, 

291. Threatened only to man, 
292 

Deer, fossil, 147 

De La Beche's classification of 
rocks ,39 

Delos, 233 

Delta of the Mississippi, Rhone, 
Nile, Amazon, Oanges. &c. 175 

Deluge of Noah, 283. The sup- 
posed cause of most geological 
changes, 294. Opinions concern- 
ing, 299 

Denmark, geology of, 307 

Peposition of rocks, horizontal, 68 



Detritus of rocks, 174 
Diamond, where found, 49 
Diallage rock, 78 
Diluvium or drift, defined, 34, 56. 
Consolidated, 58. Its dispersion, 

192. In Nova Scotia, 193. In 
Massachusetts and New York, 

193. In the Western States, 195J 
In Europe and South America, 
195, 196. Organic remains in,202 

Diluvial elevations anddepressions, 

or Moraines, 196. Sketches of, 

198. Valleys on Holyoke, 207. 

Sand and clay, 56. Grooves, 

202. Agency, 192. Action, first, 

second and third theories of, 211. 

Fourth do. 212. Fiflh do. 213. 

Sixth do. 214. Seventh do. 216. 

Beneficial, 278 
Dinotherium, sketch of, 150 
Diorite, 74 
Dioritic porphyry, 74 
Dip of strata, 30 
Dipodichnites, 155 
Discrepancy, supposed between 

geology and revelation, 282 
Divisional structures, 20 
Divine character perfect, 276 
Disturbances geological, beneficial, 

277 
Dodo, 220 
Dolerite, 74 
Domite described, 74 
Doederlin, his views of creation, 

287 
Downs or Dunes, 181 
Drift wood, 225. Drift, 192 
Drongs on Jewell's Island, 180 
Dykes, 25. Of trap in England, 26 

In Gohasset, Mass. 26. In Salem, 

Mass. 28 
Dynamics of volcanos, 231. Table 

of, 232. Of geological causes, 166 

E. 

Earth, its form, 14. Specific gravi- 
ty, 14. Earliest condition, 267. 
Future destruction of, 282. Ex- 
isted long before man, 283 

Earthquakes,their proximate caus^, 
236. Their precursors, 236. Their 
effects, 236 

East Indian Archipelago, geology 
• of, 818 ' 

Ecpyrosis of the Greeks, 293 

%7Pt, geology of, 320 
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Ehrenber^r, his dif coyeries, 88, 122 

Elevation of strata, 32 

Elevations and subsidences, al- 
ternation of, 160 

Elevation of continents, 156. Of 
the coast of Chili, 238. Of con- 
tinents, the cause of, 256 

Elements in the earth, 44 

Elephant in frozen mud in Siberia, 
84 

Elk, Irish, 220 

Encrinites, 118 

England, geology of, 305 

Encrinal Hmestone, 63 

English channel, how formed, 179 

Eocene strata, 58 

Epoch, ^ological, defined, 56. Of 
elevation, 157 

Eruptions of volcanos, their num- 
ber, 229. Phenomena of, 230 

Etna, eruptions of, 230. Quantity 
oflava from, 232 

Euphotide, 78 

Eurite, 68 

P. 

Fallopio on organic remains, 294 

Fault defined, 33 

Ferns, 109 

Firestone, 66 

Fingal's cave, 76 

Fishes, 133. Their distribution in 
the strata, 133, 134 

Fluorine in the earth, 45 

Folded axil, 36 

Fool's ^old, 51 

Formation defined, 32 

Fossil footmarks, 150. Synoptical 
view of, 155 

Fossiliferous rocks, their extent, 
88. How deposited, 90 

Fourier on heat, 253 

Fox, on metallic veins, 274 

Fracastoro on geology, 294 

France, geology of, 308 

Fucoides, 109 

Fumerole, 286 

G. 

Gabbro, 78 

Oalt,61 

Ganges, delta of, 175 

Ganffue of a vein, 272 

Gay Head, strata of, 59 

Ga« springs, 191 

Guadaloupe, human skeleton firom, 
226 

Guatimala, geology of, 325 



Greine and geates, 223 

Gems in the U. States, 335 

Geology defined, 13 

Geognosy, 13 

Geoffony, 13 

Greological maps and sections, 83 

Geology and revealed religion, 281 

Geographical ffeology, 305 

Germany, geology of, 311 

Geysers of Iceland, &c., 226 

Giant's causeway, 77 

Glaciers, defined, 166. Advance 
and retreat of, 169. Sketches of, 
168,169,170 

Glacial theory, 216. Action, an- 
cient, 196. Period, 202 

Glacio-aqueous agency, 192. On 
Holyoke, 207. In tlie northern 
hemisphere, 192. Between the 
tropics, 196 

Globe, its early hypothetical state, 
267 

Gneiss porphyritic, 68 

Gold, where found, 50, 51. In the 
United States, 333 

Gloldfuss on petrifactions, 298 

Gorge defined, 33 

Granite, where found, 47 

Graphite, where found, 49 

Graphite slate, 66 

Graywacke system described, 64 

Granite described, 71 

Granite, porphyritic and graphic, 
71. Graphic of (Joshen, 72 

Greece, geology of, 313 

Greenland, its shores sinking, 239 

Greenstone, where found, 47. In 
Connecticut and Massachusetts, 
29. Described, 73. Columnar, 
75. And basalt, at Giant's caus^ 
way and Titan's pier, 76. At Fin- 
gal's cave, 76. At Titan's piazza, 

77. Of Rowan County, South 
Carolina, 78. Of Hudson river, 

78. Columnar, their origin, 78 
GrajTStone lava, 79 

Green Sand, analysis of, 61. Use 

of, in Agriculture, 61. Descrip^ 

tion of, 61 
Gres bigarre, 62 
Group defined, 32 
Greystone lava, 79 
Gypsum, where found, 48. SouWit 

in the wrong place, 51. How oe- 

posited, 227 
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Halloy't classification of rocks, 40 

Hebard, Rev. Story, specimens 
from, 314 

Hensler, his exejf^sis of the days 
of creation, 285 

Herculaneum buried, 230 

Hindostan, geology of, 317 

Hippopotamus, fossil, 147 

History of geology, 292 

Holland, ffeology of, 308 

Hooke's theory of the earth, 295 

Hornblende rock, 73 

Hornblende slate, 66. Hornblende 
and Augite identical, 69 

Hornitos, 231 

Hornstone, 73 

Homstone porphyry, 73 

Horsely, his exegesis, 284 

Horse, fossil, 147 

Hovey, Prof, on the W. Indies, 395 

Human remains, 100. Skeleton in 
rock, 325 

Hummock on Holyoke, 207 

Hungary, geology of, 312 

Hutchinson's theoryof theearth,295 

Humus, 223 

Hutton's theory of the earth, 296 

Hutton and Lindley on fossil 
planto, 298 

Hyena, fossil, 147 

Hydrate of iron, 55, 166. Of Man- 
ganese, 55, 186 

Hydrogen in the earth, 45 

Hypersthene rock, 74 



Icebergs, 169 

Ice preserved by lava, 234 

Ichnolithology, 150 

Ichnolites classified, 155 

Ichthyosaurus, sketch of, 138 

Igneous agency defined, 928 

Iguanodon^ fossil, 139 

Ignan, a sketch of, 140 

Inclination of strata, 30 

India fUrther, geology of 317, 

Infusoria, their skeletona, ■&&. In 

Massachusetts, dsc., 88. Living, 

123. Fossil, 124. Sk6leho£;i^ 
Insects, fossil, 125 
instability the meaai of stability, 

280 
Intensity of geological agencies, 

269 
Internal heat of the earth, 248 
29* 



Internal heat, objections to, 263 
Interior of the earth, its state/fi51, 

253 
Ireland, geology of, 307 
Iron in the earth, 44. Its ores, 

50. Pyrites, 51. In U. SUtes ,335. 

Mountain in Missouri, 335 
Islands volcanic, 233. Recent,/^ 
Italian writers, 295 
Italy, geology of, 310 

J. 

Jameson, Prof., his views of cre- 
ation, 284 

Japan, ge<4ogy of, 318 

Joints defined, 20. Their origin, 29 

Jornllo, volcanic, 229 

Jupiter, perhaps covered by water, 
268 

E. 

Keith, his theory of the days of 
creation, 285 

Kirauea, sketch of, 236 

Knapo, his exegesis of the history 
of Creation, 286 



Liakes, bursting of, 179 

Lamark's hypothesis of transmuta* 
tion of i^cies, 95 ^ 

Lamination defined^ 15. Its origin, 
17 

LamlniB of Gneiss, 15. Of clay, 17 

Landslips, 167 

Lapiaz, or furrows, bow fonned)173 

Lapland, geology of, 308 

Lava, where found, 47. Described, 
70,79. Trachytic,79. Augitie 
or Basaltic, 79. Greystone, 79. 
Vitreous, 79. Molten, its charac* 
ter,234 

Lead, its ores and sitvation, 50 

Lead in U. States, 334 

Lebanon, Mt. geology of, 313 

Leibnitz, his meory of the earth, 
295 

Lepidodendron, sketch of, 111 

Lester, on British shells, 294 

Lias described, 62 

Liebig's views, 223 

Lignite, where found, 48 

Lily Encrinite, sketch of; 119 

Lime* in the earth, 45 

Limestone, where found, 47. Pri- 
mary, 67. Mountain, 63 . 

Lindley, Prof, on fossil plants, 298 
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Htf experiments on the preferra* 
tioH of plants, 116 

London greological society, 298 

Ludus Helmontii, 30 

Lycopodiaceae, 110 

Ly ell's classification of rocks, 39 
His theory of ancient climate, 
^7. Of causes in action, 269 
Objections to internal heat, 265 

M. 

Macculloch*s classification, 38 

Maclure's map of the U. States, 
83 

Maflrnesia in the earth, 45 

Malpais, eruption in, 231 

Mammalia, 142. Fossil of U. States, 
332 

Mammoth, sketch of, 146 

Man, when first appeared on the 
earth, 99. The last animal cre- 
ated, 282 

Man's geological agency, 219 

Manganese, its use and position, 

Mantell*s classification, 40 

Maps geological, 83. Of yarioas 

countries, 83 
Marl, w^re found, 47, Alluvial, 

185. Its use and position, 53, 54 
Mastodon's teeth, sketch of, 146 
Matrix of a vein, 272 
Mattic^i on organic remains, 294 
Megalonyx, 149 
Megalosaurus, 139 
Mcfiratherium, sketch of, 149 
Melaphyre, 73 

MelTille Island, geoloffy of, 326 
Mercury, where found, 50 
Mer de Glaoe, 167 
Merrimack, its alluvial matter, 175 
Metallic veins, character and re* 

pletion of, 271 
Metalloids in the earth, 44 
Metals in the earth, 44. Where 

found, 50. The mode in which 

they occur, 51, Their distribu* 

tion, 278 
Mexico, geology of, 325 
Mica slate described, 67 
Milton, his views of creation, 287 
Mineral waters, 189 
Minerals defined, 13. In the rocks, 

46. Usefhl, their situation in the 

rocks, 47 
Mines, temperature of, 249 



Miocene strata, 58 
Mississippi, delta of, 175 
Mitchell, Dr. S. L., 299 
MolluBca, living, 127 
Monadnoc, striated rocks upon,905 

embossed rocks upon, 206. Has 

been scarified, 203 
Monkey, fossil, 147 
Moon volcanic, 268 
Moraines, recent,169. Ancient,196. 

In Truro, 197. In Amherst, and 

N. Adams, 198. At Monument 

Mt. 199 
Mosaic account of creation, 283 
Mososaurus, 138 
Mosses, 109 
Mountain limestone, 63 
Mountains, 14. Of Europe ele* 

vated at different epochs, 157 
Murchison's classification, 41 
Muschelkalk,62 

N. 
Nautilus, 128 
Nebulae, their nature, 268 
Neckar on metallic veins, 274 
Nevado de Toluca, volcanic, 230 
New England, its waste, 180 
New Holland, geology of, 319 
New Red Conglomerate, 62 
Niagara falls and river, 178 
Nicaragua, volcano in, 235 
Niger, delta of, 175 
Nile, delta of, 175 
Nitrogen in the earth, 45 
Norway, geology of, 308 
Nova Scotia, its waste, 180 
Nubia, ffeology of, 320 
Nummmite, sketch of, 131 



Obsidian, 79 

Ocean, its depth, 14 

Ocean, its geological agency, 179 

Old red Sandstone, 63 

Omalius D'HaUoy's classification 
of rocks, 40 

Oolitic system 4escribed,6l 

Ophicalce, 78 

Ophiolite, 78 

Ophite, 78 

Order of creation, table of, 96 

Organic remains described, 84. 
flow preserved in the rocks, 85. 
Determined, 86. CUssifioation 
of, 86.Mostly marine, 87.Amount 
of in the rocks, 87. Height of 



Digitized by 



Google 



INDEX. 



343 



iboTe the sea, 87. Diitribution 
of, 88. In different formations, 
90. How far they identify strata, 
9?. Tabular view of, 94. Ver- 
tical range of, 100. Compared 
with living 8pecie8,104. Number 
of species of, 105. Tropical in 
high latitud es, 105. Description 
of particular species of, 108. Not 
contemporaries of existing spe- 
cies, 160 

Ornithichnites, 152 

Orinoco, delta of, 175 

Omithoidiehnites, sketch of, 152 

Orthoceratites, sketch of, 130 

Oryctology, 84 

Ox, fossil, 147 

Oxygen in the earth, 45 

P. 

Pachydermata, extinct, 145 
Palsoniscus, sketch of, 136 
PalfBontological classification, 42. 

Chart, 103 
FalsBontoiogy, 84 
Palsotherium, sketch of, 145 
Palestine, geology of, 297 
Palisadoes, 78 
Pallas, on geology, 296 
Papandayang, volcano of, 231 
Parker, Rev. Mr. his tour, &C.237 
Parrot, his objections to internal 

heat, 264 
Patrick, Bishop, his views of cre- 
ation, 288 
Pear encrinite, sketch of, 120 
Peat, 48. How formed, 223. Ana- 
lysis of, 224 
Pegmatite, 71 

Pele's hair, or volcanic glass, 80 
Pentacrinite, Briarean, 119 
Peperino, 80 

Period geological defined, 56 
Periods of geology, long, 163 
Periods of organic being on the 

globe, 96 
Perkins, Rev. Justin, specimens 

from, 316 
Persia, geology of, 315 
Petrifaction, its nature, Ao, ^. Re- 
cent, 85 
Petroleum, 187 
Petrosilex, 73 
Phillips, Prof. John, his classifica* 
tion of rofiki, 41. Unstratified do. 
70 



Phonolite, 73 

Physico-theolojfical school, 295 

Pic, volcano ot^ 231 

Purgatories, of Newport, R. 1. 180 

Pitch lake in Trinidad, 187, 325 

Pitchstone, 79 

Plans of the Deity as shown by 
geology, 280 

Plater's giant, 294 

Platinum, where found, 50 

Playfair's illustration, 297 

Plesiosaurus, sketch of, 138 

Pliocene strata, 58 

Plot on organic remains, 294 

Plutonic rocks, described, 71 

Po, delta of, 175. Embankments 
on, 820 

Poisson's objections to internal 
heat, 266 

Poland, geology of, 312 

Polynesia, geofogy of, 319 

Polyparia, agency of, 221 

Polypi or Polyparia, sketch of, 121 

Polypodichnites, 155 

Pompeii buried, 230 

Popocatapetl, 235 

Porphyry described, 73. Pyroxenic, 
74. Where found, 47 

Portugal, geology of, 310 

Potassa in the earth, 45 

Precious stones in diluvium, 58 

Primary conglomerates, 59. Plu- 
tonic rocks, 81. Rooks defined, 
35. Described, 65. Their origin, 
259 

Produeta, sketch of, 132 

Protogine, 63 

Providence of God over the world,- 
276 

Provinces Botanical and Zoologi- 
cal, 89 

Pterodactyle, sketch of, 141 

Pyroxenic Porphyry, 74 

Pythagoras, his views ef geology, 

Quaiquaversal die, 34 
Quartz Rook, 6o 

R. 

Radiata, 117 

Raindrops, impression of on stone 

154 
Ray's theory of the Earth, 295 
liecent Pl«toue roekii 81 
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Bed ftmJjioac, 62. Of Nora 8eo- [ 
iaa, 5. E»fl«id, New Jener, ■ 
Ae.,»l 

Reptiles, 136 

RhiAoeeroe, Ibesil, 147 

Ukom^deUtiU, 175 

Rtrefi, Uieir ftfener, 174 

RobiseoD, Dr. on die eitaes of the 
pUm,dl3 

Reekealtdeeenbea,55. InPenit, 
66. Wbeie fbimd, 48 

Roekiaf ttonee, 67. lBBftae,67. 
mFiaiRnner,67 

Boeke^eheouealeoa^oeitkmo^ 44. 
Deibied, 13. How worn down, 
174. Primuy, stratified, their 
OTiffin, 259, 961. Usefnl, their 
situstaonin theearth,47. Em- 
bossed, 906 

Rocks, stmted, 172, 173, 204,305 

Roman f f tut, 90 

Reiet's elasstfieation, 40 

Roasia, geok)g7 oi; 319 

8. 

8Mrians,lbs^l36 

Saoroidiebnites, 159 

Baliiierona systam, deseribed, 63 

Bait roek, its origin, 937. In Si- 
beria and llexieo, 927. Salt 
sprinfs, 190 

Sandwieb islands, Tolemiie, 235 

Satom eo^ered hj a fluid, 968 

Saossnre on the Alps, 996 

Scheochaer on ibssil fishes, 294 

Schools cf mines, 996 

SclaTonia, gei^e^ ol^ 312 

Scorpion, fossil, 195 

Scotltnd, geolojnrof, 306 

Seals, their nui^r, 390 

Seam defined, 15 

Secondary Plntonio toeks, 81. 
Seoomurr iooke de&ned,, 35. 
Described, 60 

Section, ideal of the earth'a crust, 
33 

Sections geolofioal, 83 

Sedgwick on metallic reins, 9r3 

Sedgwick's classification of rocks, 

Sedimentary rocks, 59 

Septaria,90 

Strope's classification of nnstrati- 

fied rocks, 70 
SeroenUne, 66, 76, Where fbund, 48 



Bey pert, Dr<r, 299 

Shark, ibenl, 134 

Shark's tooth, sketch of; 135 

Shells, ehaadieied, 198. Mieio- 

•eofie,d8. Their TertaealranfO 

in the strata, 109. ThenaBher 

of liTing and fisasil, 105 
Siberia, geologj o^ 316 
S jrenitie greenstraie, 74 
Sjenite deseribed, 71. Wheie 

found, 47 
SigiUaria, sketehei; 112 
Sifica in the earth, 45 
Sili0eonsaMil,54,55. Smter,54, 

186. 
Silliman, Prof, his journal, 300 
Silurian sjstem described, 64 
Silrer, where found, 50 
Simple substances in the earth, 44 
Sinaite,79 
Sinter, nlieeous, 186 
Sirathennm, 147 
Skaptsr Joknl, cinantilj of kva 

tlurown from, 939 
Skiddan, sjstem o£, deseribed, 65 
Slime pits near the Dead Sea, 243 
Smith, Dr. J. P. his Tiews of eren- 

tion,388 
Smith, Wm., his labors, 297 
Soda in the earth, 45 » 

Soil, its composiUon, 53 
Soils, a proof of divine goodness, 

277 
Solfiitara defined, 238 
Somma,931 

South America, geology of, 333, 
Southern Africa, geology of, 321 
Sowerby, on fossil shelE, 298 
Spain, geology of, 309 
Species had once a widei range, 

90. Their distribution, ^. 91 
Spiders, fossil, 125 
Spirifer, sketch of, 139 
Spirula, 139 
Springs, gas, 191. Phenomena of, 

187. Salt in the United States 

190. Their origin, 190 
St. Croix, geology of, 325 
SUbic buried, S^ 
Steatite of N. England, 66 
Steneosaurus, 141 
Stigmaria, sketch of, 113 
Strabo on geology, 299 
Strata bent, 18. Elevation of, 39. 

how identified, 93. Overturned 

in N. England, 36. In the Alps, 
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35. Their thickness, how known, 

68. In England, 87. Europe, 

68. Pennsylvania, 68. Tauris, 

69. 
Stratification, defined, 15 
Stratified rocks, deposited from 

water, 59 
Strike of strata, 30 
8tromboli,234 
Structures in rocks, how caused, 

22 
Subsidence, on Columbia River, 

237. Other cases, 239 
Subterranean forests, 115, 239 
Sulphate of Lime, deposited firom 

water, 53 
Sulphur in the earth, 45 
Sumbawa, eruption in, 330 
Sun, its present supposed state, 

268 
Superposition of fossiliferous rocks, 

35. Primary, 35 
Survey, geological, of Arkansas, 

801. Of Connecticut, 302. Of 

Delaware, 303. Of England, 304. 

Of France, 304. Of Georgia, 303. 

Of Indiana, 303. Of Iowa, 304. 

Of Kentucky, 303. Of Maine, 

302. Of Massachusetts, 301. Of 
Maryland, 301. Of Michigan, 

303. Of New Jersey, 302. Of 
New York, 302. Of North and 
South Carolina, 301. Of Ohio, 
303. Of Pennsylvania, 302. Of 
Rhode l8land,803. Of Tennessee, 
301. Of the Erie Canal, 304. Of 
Virginia, 302 

Sweden, geology of, 308. Its shores 
rising, 239 

Switzerland, geology of, 311 

Synclinal axis, 33 

Syria, geoloey of, 313 

System of things the same in all 
a^s, 276. Present had a begin- 
nmg, 276 

Systems of elevation, 158. Of or- 
ganic beings on the globe, 276 

T. 
Taeosa, volcanic, 230 
Talcose slate, 66 
Tartary, geology of, 316 
T^lor, Jeremy, his views of death, 

Teleosauri, 141 

Temperature of the globe firom ex- 



ternal sources, 247. Intemal,do., 
248 

Terebratula, sketch of, 132 

Terrain defined, 32 

Tertiary strata, defined, 35. De- 
scribed, 58. Plutonic rocks, 81. 

Tetrapodichnites, 155 « 

Thermal Springs, 240, 250 

Thibet, geology of, 317 

Tides, their ^ological effect, 182 

Time,geological and chronologioal| 
100 

Titan's pier, 76 

Toadstone, 75 

Toads preserved in rocks, 84 

Tortoises, fossil, 141. Tracks of, 
151 

Totten, his experiments on the ex- 
pansion of rocks, 257 

Trachyte described, 74 

Trachytic lava, 79. Porphyry, 74 

Tracks, human, 153. Of animals, 
150. How preserved, 154 

Transition rocks, 35 

Transylvania^eology of, 312 

Trap rocks, 73. West of Rooky 
Mountains, 78. Tuff, 79 

Travertin, 54. How formed, 185 

Tree ferns, 110 

Trilobites, fossil, 125. Sketch of, 
127 

Trinidad, pitch lake in, 187 

Tufaoeous conglomerate, 79 

Tuff, 79. Volcanic, 79 

Turkey in Asia, jreology of, 313 
In Europe, 313 

U. 
Ulodendron, sketch of, 112 
Uniformity of nature, 162, 166 
United States, ffeoloffy of, 827 
Unstratified rodcs, 15. Lithologi- 
cal character of, 69. Of iffneous 
origin, 244. Their fbsibihty, 80. 
Their mode of ooourring, ^ 



Valley of the Mississippi, geology 

Valleys, how formed, 33, 277. Of 
denudation, 176. Of elevation, 
178. Of subsidence, 178. Of the 
Connecticut, 177. Terraced, 176. 
Transverse and lon^itudinal,175 
Variegated marl described, 62 
Vegetable life when begun, 96 
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RemainB, 97. In the newer 
strata, 99. In the carboniferous 
strata, 97 

Veins defined, 24. In Beverly, 27. 
In Chester, 30. In Cohasset, 
27. In Colrain^29. In Conway, 
29. In Cornwall, Eng. 25. In 
6alem, 28. In Westhampton, 26. 
-Metallic, their width, 272. How 
filled, 273. In Cornwall, sketch 

. of, 273. Most productive near 
unstratified rocks, 272. Rocks 
traversed by, 272. Of injection, 
26. Of segregation, 25. Their 
relative age, §6 

VUlarica, 235 

Volcanic action, defined, 228. Hy- 
pothesis of, 254. Agency bene- 

. ficial, 279. Breccia, 79. Craters 
ancient, 243. Glass of Sand- 
wich Islands, 80. Power, its 
seat, 235. Tuff, 79. 

Volcanos central, 229. Extinct and 
active, 229,241. In lines, 228. 
Products of, 80. Submarine and 
aerial, 228. Their number, 229. 



Von Buch on Craters, 231 
W. 

Wacke described, 75 

Ward, Dr. on fossil footmarks, 152^ 

Water, its distribution, 278 

Watt's experiments on Basalt, 78 

Waves, their effect, 179 

Wells artesian, 188 

Werner's Theory of the earth, 297. 
Of veins, 273 

West Africa, geolo^ of, 321. In- 
dies, 324 

Whitsunday Isle, sketch of, 222 

Woodward's theory of the earth, 
295 

World had a beginning, 276. Its 
supposed eternity, 275 



Zeohstein, 62 

Zinc, its ores and situation, 50 
Zyophytes, their vertical range in 
the strata, 101 
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